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BULLETIN  NO.  154. 

BLOWING  STUMPS   WITH   DYNAMITE, 

By  George  Roberts. 

There  are,  in  various  parts  of  Kentucky,  areas  of  consid- 
erable extent  which  are  still  ''in  the  stumps."  Clearings  are 
made  and  the  stumps  are  generally  allowed  to  stand  until  they 
decay  enough  that  they  may  be  pulled  out  without  any  more 
powerful  machinery  than  a  handspike.  Sometimes  an  attempt 
is  made  to  bum  them  out,  but  this  process  is  not  satisfactory, 
as  it  is  almost  impossible  to  bum  the  green  stumps,  and  quite 
a  good  deal  of  fuel  must  be  piled  around  a  dead  stump  to  burn 
it  to  the  ground.  When  burned  to  the  ground,  the  roots  still 
remain  to  interfere  with  cultivation. 

The  best  of  stump  pulling  machinery  is  unsatisfactory  in 
that  it  takes  a  great  deal  of  time  and  horse*power  to  remove 
stumps  by  its  use. 

The  writer  knows  of  no  experimentel  date  to  show 
whether  it  pays  to  remove  stumps  instead  of  working  around 
them  until  they  rot  down.  However,  everyone  will  agree  that 
it  is  desirable  to  get  rid  of  them,  and  most  farmers  who  have  a 
little  cash  on  hand  would  be  willing  to  spend  a  reasonable 
amount  to  accomplish  their  removal.  It  would  be  a  difficult 
matter  to  calculate  in  dollars  and  cente  the  gain  that  would  be 
made  by  having  the  land  free  from  stumps.  They  prevent  a 
proper  rotetion  of  crops  when  the  ground  is  fresh  and  strong, 
the  time  when  the  rotetion  should  begin,  in  order  to  properly 
keep  up  the  fertility  of  the  soil.  A  field  in  the  stumps  is 
usually  kept  in  some  cultivated  crop,  generally  com,  until  the 
stumps  have  rotted  down.  By  this  time  the  soil  has  lost  much 
of  its  virgin  fertility,  and  it  tekes  a  long  period  to  restore  it 
to  its  original  condition.    Many  such  fields  are  never  restored 
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to  a  state  of  profitable  production.    Especially  is  this  true  in 
the  more  mountainous  sections  of  the  State. 

If  any  attempt  is  made  to  rotate  crops,  and  hay  and  small 
grain  crops  are  grown,  seeding  and  harvesting  machinery 
cannot  be  used  without  large  loss  of  space  around  the  stumps. 
There  is  hardly  any  doubt  that  a  reasonable  expenditure  of 
time  and  money  in  removing  the  stumps  would  pay.  The 
saving  of  the  patience  and  good  disposition  of  the  farmer  is 
worth  something* 

However,  the  object  of  this  bulletin  is  not  so  much  to 
advise  the  removing  of  stumps  as  it  is  to  give  some  exact  and 
detailed  information  on  the  use  of  d3mamite  in  blowing  stumps. 

Two  different  lots  of  stumps  were  blown  by  the  Experi- 
ment Station  in  the  spring  of  1911.  One  lot  consisted  of  102 
stumps  on  the  soil  experiment  field  at  London,  Ky.  The 
other  lot  was  made  up  of  16  scattered  stumps  on  the  Experi- 
ment Station  farm  at  Lexington. 

Before  giving  the  detailed  statement  of  the  size  and  kind 
of  stumps  and  the  cost  of  blowing  them,  it  may  be  well  to 
give  some  directions  for  doing  the  work. 

In  the  first  place  one  cannot  be  too  careful  in  handling 
the  dynamite  and  the  caps  used  to  set  it  off.  Yet  if  good 
judgment  is  used  it  may  l>e  handled  with  safety. « It  should  be 
stored  in  a  dry,  well  ventilated  place,  where  the  temperature 
will  not  rise  above  90  degrees  F.  The  caps  should  be  kept  in 
a  separate  place,  as  they  are  much  easier  set  off  than  the 
dynamite.  It  is  unnecessary  to  tell  most  persons  that  dyna- 
mite should  be  protected  from  heavy  jars,  and  should  not  be 
stored  where  any  shooting  is  likely  to  be  done.  Some  years 
ago  a  carload  of  dynamite  was  exploded  at  Jellico,  Tenn.,  by  a 
boy  firing  into  the  car  with  a  22  calibre  rifle. 

Most  dynamite  freezes  at  a  temperature  between  40  de- 
grees and  50  degrees  P.  Some  brands  do  not  freeze  above  the 
freezing  point  of  water.  .  Frozen  dynamite  should  not  be  used. 
Directions  for  thawing  are  generally  sent  out  with  each  box 
of  djTiamite.    Do  not  attempt  to  thaw  it  until  printed  direc- 


Blowing  Stumps  With  Dynamite.  21 

tions  have  been  obtained  from  the  dealer.    Never  undertake 
to  thaw  dynamite  before  a  fire  or  in  a  stove. 

Directions  for  priming:  the  dynamite  cartridge  may  be 
obtained  from  the  dealer  as  well  as  other  directions  one  may 
need  in  handling  it,  and  if  he  does  not  have  such  printed 
directions  he  may  easily  obtain  them  from  the  manufacturers. 
The  object  of  this  bulletin  is  not  to  give  expert  advice  con- 
cerning explosives,  for  we  do  not  wish  to  assume  this  responsi- 
bility "when  the  manufacturers  are  in  much  better  position  to 
give  directions.  However,  we  will  give  the  method  employed 
in  the  blowing  of  the  stumps  by  the  Experiment  Station. 


About  the  only  tools  needed  are  an  augur  and  a  tamping 
rod.     The  augur  is  an  ordinary  two-inch  wood  augur  with  an 
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extension  welded  on,  making  it  about  Sy^  feet  long.  The  end 
of  the  shank  is  threaded  and  a  handle  made  by  using  a 
plumber's  T  and  gas  pipe.  Put  a  pin  through  the  T  and  the 
top  of  the  augur  shank  to  prevent  it  from  screwing  off  when 
removing  the  augur  from  the  hole.  An  old  broom  or  hoe 
handle  may  be  used  for  a  tamping  rod.    Never  use  a  metal  rod. 

The  hole  is  bored  at  an  angle  of  about  45  degrees  so  that 
the  charge  will  come  under  the  center  of  the  stump.  When 
more  than  one  cartridge  is  used,  one-half  of  a  cartridge  is 
fitted  with  a  cap  and  used  as  a  primer.  The  remaining  car- 
tridges used  in  the  charge  are  cut  in  halves  and  the  wrapper 
removed.  These  are  dropped  into  the  hole  one  at  a  time  and 
broken  up  and  lightly  pressed  together  with  the  rod.  This 
concentrates  the  charge  under  the  center  of  the  stump.  The 
primer  is  then  put  in,  care  being  taken  that  it  rests  firmly  on 
the  charge.  Then  put  in  two  or  three  inches  of  sand  or  fine 
dirt  and  tamp  lightly  so  as  to  pack  this  on  the  charge.  Then 
put  in  about  8  inches  of  moist  clay  and  tamp  a  little  more 
firmly.  After  6  inches  of  tamping  is  on  the  charge,  the 
remaining  part  of  the  hole  may  be  tamped  pretty  firmly,  but 
never  use  a  hammer  or  any  other  object  for  driving  the  tamp- 
ing rod. 

If  stumps  af*e  hollow,  of  course  the  charge  will  have  to  be 
located  under  some  firm  part  of  the  Qtump.  Some  blasters 
throw  a  log  cha|n  tightly  around  the  hollow  stumps  to  facili- 
tate their  reinovial.  . 

In  blowing  yer^  large  stumps  the  whole  charge  should  not 
be  placed  in  one  hole.  Holes  may  be  bored  from  different 
sides  and  made^  to  intersect  under  the  center  of  the  stump. 
Place  the  primer  at  the  intersection  of  the  holes  and  be  sure 
that  the  other  cartridges  touch  the  primer. 

Only  a  part  of  the  charge  necessary  to  remove  a  large 
stump  may  be  used  at  first  to  slipt  it.  This  partial  charge  is 
placed  under  the  center  of  the  stump.  After  the  stump  is  split, 
the  parts  may  be  blown  as  separate  stumps.  We  have  found 
this  successful  with  l£irge  green  oak  stumps. 

The  amount  of  dynamite  to  be  used  depends  on  several 
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conditions,  as  the  diameter  of  the  stump ;  the  character  of  the 
soil,  and  whether  it  is  wet  or  dry ;  whether  the  stump  is  green 
or  partly  decayed,  and  the  nature  of  the  root  system.  It  is 
therefore  manifestly  impossible  to  give  directions  as  to  the 
amount  of  \lynamite  to  be  used.  The  blaster  will  soon  be  able 
to  judge.  However,  some  idea  as  to  the  amount  required  may 
be  gained  by  looking  over  the  tables  which  are  given  below.    ~ 

Fifty  per  cent,  dynamite  was  used  in  most  of  this  work. 
Forty  per  cent,  was  used  on  some  of  the  dead  stumps  and  was 
satisfactory. 

If  the  person  desiring  the  stumps  blown  is  ignorant  of  the 
use  of  djoiaraite  or  is  timid  about  the  matter,  he  may  employ 
some  one  who  has  had  experience  in  the  use  of  such  explosives. 
If  the  employer  wishes  to  relieve  himself  of  liability  for  dam- 
age from  accident  to  the  operator,  he  should  have  a  written 
agreement  to  this  effect. 

In  the  following  table  is  given  the  number,  size  and  kind 
of  stumps  removed  from  the  London  field,  together  with  the 
amount  of  d3mamite  and  labor  required.  This  field  contained 
about  6  acres  and  had  been  cleared  about  8  years,  long  enough 
that  small  stumps  of  10  inches  and  under  could  be  broken  out 
quite  readily  with  an  ax  and  grubbing  hoe. 

Stumps  Blown  at  London,  Ky. 

Diameter    Sticks  Dynamite 


No. 

Kind  of  Stump 

Inches 

Used 

1 

Dead  Oak 

12 

.  2 

2 

Dead  Oak 

16 

iVi 

3 

Dead  Oak 

15 

Wi 

4 

Dead  Pine 

16 

IVi 

5 

Dead  Oak 

13 

IVa 

6 

Dead  Oak 

30 

5^2 

7 

Dead  Oak 

10 

1^2 

8 

Dead  Oak 

8 

^ 

9 

Dead  Oak 

12 

IV2 

10 

Dead  Oak 

13 

2 

11 

Dead  Oak 

30 

4V2 

12 

Dead  Oak 

11 

iVi 
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Diameter    Sticks  Dynamite 


No. 

Kind  of  Stump 

Inches 

Used 

13 

Dead  Oak 

18 

3 

14 

Dead  Oak 

12 

m 

15 

Dead  Oak 

20 

3% 

16 

Dead  Oak 

34 

4% 

17 

Dead  Oak 

9 

1% 

18 

Dead  Pine 

14 

2 

19 

Green  Oak 

16 

3 

20 

Dead  Oak 

14 

2 

21 

Dead  Oak 

12 

m 

22 

Dead  Oak 

30 

4Vi 

23 

Dead  Oak 

24 

3 

24 

Dead  Oak 

30 

1st  shot  ZVi 
2nd  shot  2 

25 

Dead  Oak 

38 

5Vi 

26 

Dead  Oak 

20 

3% 

27 

Dead  Oak 

24 

3% 

28 

Green  Oak 

14 

3 

29 

Green  Oak 

14 

3 

30 

Dead  Oak 

12 

iVi 

31 

Dead  Oak 

22 

4V2 

32 

Dead  Oak 

27 

Wi 

33 

.  Dead  Oak 

15 

2 

34 

Green  Oak 

14 

4 

0 

35 

Dead  Oak 

30 

5 

36 

Dead  Oak 

14 

2V2 

87 

Dead  Oak 

11 

Wi 

38 

Dead  Oak 

14 

2V2 

39 

Dead  Oak 

30 

6 

40 

Dead  Oak 

18 

3% 

41 

DeadSnagr* 

20 

4^2 

42 

Dead  Oak 

8 

1 

♦More  dynamite  is  required  to  blow  a  tree  or  snag  than  to 
blow  a  stump  of  same  diameter,  because  of  greater  weight  to 
be  lifted. 
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* 

Diameter 

Sticks  Dynamite 

N(K 

Kind  of  Stump 

Inches 

Used 

48 

Dead  Oak 

16 

8 

44 

Dead  Pine 

16 

2% 

45 

Dead  Oak 

27 

5 

46 

Dead  Oak 

6 

H 

47 

Dead  Oak 

8 

1 

48 

Dead  Oak 

13 

2% 

49 

Dead  Oak 

16 

3% 

60 

Dead  Oak 

15 

2V4 

51 

Dead  Oak 

6 

1 

62 

Dead  Pine 

10 

m 

53 

Dead  Oak 

16 

8 

64 

Dead  Oak 

16 

8 

55 

Dead  Oak 

24 

6 

66 

Green  Black  Gum 

16 

5H 

57 

Dead  Oak 

18 

2 

58 

Dead  Oak 

8 

1 

59 

Dead  Oak 

16 

2% 

60 

Dead  Oak 

18 

IH 

61 

Dead  Gum 

24 

1st  shot  2 
2nd  shot  2 

62 

Dead  Oak 

16 

1% 

68 

Dead  Oak 

10 

1% 

64 

Dead  Oak 

12 

m 

65 

Dead  Oak 

6 

H 

66 

Dead  Oak 

8 

1 

67 

Dead  Oak 

14 

2 

68 

Dead  Oak 

16 

2% 

69 

Dead  Oak 

12 

1 

70 

Dead  Pine 

10 

1 

71 

Green  Sugar  Maple 

16 

5^4 

72 

Dead  Oak 

12 

2% 

78 

Dead  Oak 

12 

2 

74 

ff 

Dead  Oak 

• 

28 

1st  shot  4 

1 

0 

• 

2nd  shot  8 

76 

Dead  Oak 

12 

1% 
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No. 

Kind  of  Stump 

76 

Dead  Oak 

77 

Dead  Oak 

78 

Dead  Oak 

79 

Dead  Oak 

80 

Dead  Oak 

81 

Dead  Oak 

82 

Dead  Oak 

83 

Dead  Oak 

84 

Dead  Oak 

85 

Dead  Oak 

86 

Dead  Oak 

87 

Dead  Oak 

88 

Dead  Oak 

89 

Dead  Oak 

90 

Dead  Oak 

91 

Dead  Oak 

92 

Dead  Oak 

93 

Green  Oak 

94 

Dead  Oak 

95 

Dead  Oak 

96 

Green  Gum 

97 

Dead  Oak 

98 

Dead  Oak 

99 

Dead  Oak 

100 

Dead  Oak 

101 

Dead  Oak 

102- 

Dead  Oak 

Diameter 

Sticks  Dynamite 

Inches 

Used 

26 

2 

18 

2 

8 

1 

16 

2^ 

15 

2 

17 

2Vk 

16 

2^ 

13 

2 

10 

•      1 

12 

2 

16 

2% 

12 

2 

14 

2% 

8 

1 

14 

2% 

16 

2 

12 

iVk 

8 

2 

16 

2 

12 

1% 

15 

3% 

15 

21/2 

16 

3 

24 

5 

18 

3 

15 

3 

16 

2% 

Average  diameter  of  stumps,  16  inches. 

.Total  number  of  sticks  of  djmamite  required,  265. 

Average  number  of  sticks  required  per  stump,  2.6. 

Time  required  for  one  man,  5  days. 

Average  time  required  per  stump,  30  minutes. 
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Cost  of  265  sticks  of  dynamite  at  9c  per  stick*,  $23.86. 

Caps  and  fuse,  |2.85. 

Total  cost  of  materials,  $26.20. 

Average  cost  of  material  per  stump,  25.7  cents. 

Cost  of  labor,  5  days  at  $1.50,  $7.50. 

Total  cost  of  blowing  102  stumps,  $33.70. 

Average  total  cost  per  stump,  33  cents. 

Stumps  Blown  on  Experiment  Station  Farm, 

Lexington,  Ey. 


Diameter 

Sticks  Dynamite 

No. 

Kind  of  Stump 

Inches 

Used 

1 

Green  Hackberry 

20 

5 

2 

Green  Hackberry 

10 

5 

8 

Green  Hackberry 

7 

6 

4 

Dead  Hackberry 

11 

4 

5 

Green  Elm 

5 

3 

6 

Dead  Walnut 

12 

2 

7 

Dead  Walnut 

14 

lys 

8 

Green  Cheny 

10 

2V2 

9 

Green  Maple 

12 

IVs 

10 

Dead  Osage  Orange 

7 

2 

11 

Dead  Osage  Orange 

15 

2l/« 

12 

Dead  Osage  Orange 

13 

2 

13 

Dead  Osage  Orange 

11 

2% 

14 

Green  Oak 

45 

21 

15 

Green  Oak 

48 

25 

16 

Green  Oak 

43 

24 

It  will  be*  seen  by  referring  to  the  foregoing  table  that  it 
is  considerably  more  expensive  to  blow  green  stumps  than 
dead  ones.    While  the  lot  is  a  miscellaneous  one,  and  contiains 


*Note :  In  some  small  places  dealers  charge  more  than  9 
cents  per  stick  (18  cents  per  pound)  for  djoiamite,  but  it 
could  be  bought  at  this  price  in  Lexington  when  the  stumps 
were  blown. 
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-*» 
kinds  of  stumps-  that  are  not  generally  found  on  farms,  it 
brings  out  plainly  the  fact  that  green  stumps  require  a  great 
deal  more  dynamite  than  dead  ones.  Also  a  great  deal  more 
labor  is  required  because  much  time  is  consumed  in  cutting 
the  green  roots,  both  before  and  after  the  explosion. 

^  The  average  diameter  of  the  9  green  stumps  in  the  table 
is  22  inches ;  the  number  of  sticks  of  dynamite  required  was 
93;  the  time  consumed  in  blowing  them  was  181^  hours  for 
two  men  whose  wages  were  $2.75  per  day ;  the  fuse  and  caps 
cost  60  cents.  Thus  the  total  cost  of  blowing  the  stumps  was 
$14.06,  or  $1.56  per  stump.  The  cost  of  blowing  the  three 
large  green  oak  stumps  was:  D3niamite,  caps  and  fuse  $6.70, 
and  labor  $8.85,  a  total  of  $10.55,  or  $3.52  per  stump  of  aver- 
age diameter  of  45  inches.  While  these  figures  seem  high,  yet 
there  is  no  other  method  by  which  they  could  be  removed  so 
cheaply. 

The  amount  of  dynamite  required  to  blow  stumps  of  the 
same  kind  in  the  same  soil  does  not  vary  directly  with  the 
diameter,  but  more  nearly  with  the  square  of  the  diameter,  or, 
in  other  words,  with  the  area  of  a  cross  section  of  the  stump. 
The  area  of  the  cross  section  of  a  stump  48  inches  in  diameter 
is  16  times  as  great  as  the  area  of  a  cross  section  of  a  stump 
12  inches  in  diameter.  However,  only  judgment  developed  by 
experience  can  determine  how  much  of  the  explosive  shall  be 
used  in  a  given  case. 

The  cost  of  blowing  green  stumps  is  from  two  and  one- 
half  to  three  times  as  great  as  for  dead  ones.  While  each  indi- 
vidual will  have  to  determine  for  himself  whether  he  can 
afford  the  cost  of  removing  the  stumps,  it  may  not  be  out  of 
place  to  offer  some  suggestions. 

Land  would  have  to  jield  very  high  profits  to  pay  for 
blowing  green  stumps.  For  ordinary  land  it  seems  to  us 
that  the  most  feasible  plan  is  to  plant  it  to  some  cultivated 
crop  for  say  two  years,  during  which  the  weeds  and  sprouts 
will  be  kept  down.  Sow  to  grass  then,  and  pasture  it  for  Ihree 
or  four  years.  Sheep  are  very  effective  in  keeping  down  weeds 
and  sprouts.    What  the  animals  do  not  keep  down  should  be 
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kept  down  with  the  hoe.  When  the  small  stumps  are  ^tten 
enough  to  remove  with  grubblns:  hoe  and  ax,  the  larger  ones  ^ 
may  be  blown  at  a  cost  that  will  not  be  prohibitive.  One  point 
-seems  clear,  and  that  is,  that  when  stumps  are  to  be  removed, 
the  cheapest  methods  is  by  the  use  of  dynamite. 
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DIGEST 

THE  USE  OF  EXPLOSIVES  IN  CLEARING  LAND 

Use  of  Ej^losives  to  Pull  Stomps  involves  little  capital,  few  and 
simple  tools,  and  requires  no  experience'.  Judgment  as  to  proper 
amount  and  proper  placing  of  the  charge,  \^ill  develop  with  careful 
observation.  Dynamite  and  virite  are  the  commonest  explosives 
used  on  stumps. 

Pages  3  to  6 

The  Charge  Should  Be  Placed  in  the  soil  under  the  stump  at  the 
center  of  resistance  which  is  not  necessarily  under  the'  center  of  the 
stump.  On  a  hillside,  the  center  of  resistance  is  toward  the  higher 
ground  from  the  center  of  the  stump.  Where'  there  are  more  roots 
on  one  side  than  the  other,  it  is  partially  under  them  If  the  soil  on 
one  side  is  heavier  than  on  the  other,  the  charge  should  be'  placed 
toward  the  heavy  soil. 

Pages  7  and  10 

Deep  Charges  Are  Unnecessary,  but  the  explosive  should  be  placed 
just  deep  enough  to  avoid  blowing  off  the  top  of  the  stump  leaving 
roots  above  the  plow  line.  If  too  deep  in  sandy  soil,  the  gases  eis^ 
cape  without  loosening  the  stump;  in  clay  much  force  is  wasted  in 
raising  dirt.    This  force  is  lost  to  the  stump. 

Pages  12  and  13 

The  Most  Economical  Results  are  obtained  by  placing  the  explosive 
in  bulk  form.  As  dynamite  comes  in  cartridges  of  smaller  diameter 
than  the  hole'  bored  for  blasting,  a  good  way  to  handle  it  is  to  slit 
the  paper  wrappers  three  or  four  times  lengthwise  before  dropping 
into  the  hole.  The  cartridge  remains  intact  until  it  reaches  the 
bottom  of  the  hole',  when  it  may  be  tamped  into  bulk  form  with  the 
ram  rod.  Bulk  virite  is  poured  into  place  through  a  long  tin  funnel 
and  must  not  be  tamped  at  all. 

Pages  6  and  13-15 

Caps  Should  Be  Inserted  into  the  last  part  of  the  charge  and 
pressed  lightly.  They  are  very  sensitive  and  must  be  handled  care- 
fully. 

Pages  6  and  15 

Clay  Soil  Requires  Different  Explosive  Than  Sand  Virite,  or  low 
percent  dynamite  exerting  slow  propelling  force  are  needed  here  to 
avoid  compacting  the  subsoil  or  leaving  a  large  hole.  High  percent, 
or  quick-acting  dynamite,  is  needed  in  sand,  to  avoid  escape  of  the 
force  through  the  soil  before  it  has  done  its  work. 

Pages  16  and  17 

Electric  Blasting  Machines  and  electric  caps  are  the  safest,  most 
expeditious,  and  often  the  most  effective  means  of  firing  charges. 
A  number  of  stumps  can  be  fired  simultaneously,  the  force  from  one 
helping  the  next  one.     If  there  is  a  misfire,  it  is  safe  to  investigate 

at  once. 

Page   18 

Misfires  Are  Due  to  the  presence  of  foreign  material  in  the  cap, 

pulling  the  fuse  out  of  the  cap,  pulling  the  cap  out  of  the  powder,  or 

to  a  defective   fuse.     Powder  fuses  sometimes   burn   very  slowly, 

causing  an  explosion  when  the  operator  is  investigating. 

Pages  18  and   19 
Boulders  Are  Raised  out  of  the  ground  by  placing  a  slow  charge 
where  a  pry  would  be  placed  for  the  same  purpose.    They  are  broken 
to  pieces  by  exploding  a  high-percent  dynamite  in  a  crevice,  or  de- 
pression, or  e'ven  on  the  surface. 

Page  19 


EXPLANATORY   NOTE 


One  of  the  most  important  questions  in  connection  with  the 
development  of  Upper  Wisconsin  is  that  of  removing  the  pine 
stumps  which  are  left  as  a  waste  product  in  the  process  of  liun* 
bering.  The  problem  is  much  simplified  in  the  case  of  hardwood 
timber,  as  these  stumps  decay  su£Sciently  in  the  course  of  a  few 
yearsj  to  permit  their  ready  removal.  With  reference,  how- 
ever, to  the  pine  stumps,  the  presence  of  resins  prevents  decay  to 
a  large  extent,  and  it  is  therefore  necessary  to  resort  to  special 
measures  to  clear  the  land  of  these  incumbrances.  For  this  pur- 
pose, at  present,  explosives  are  largely  employed,  but  unques- 
tionably in  the  near  future,  power  machinery  will  be  utilized  in 
such  a  way  as  to  be  of  great  service  in  the  process  of  land  clear* 
ing.  Veiy  recently,  too,  a  method  of  burning,  known  as  the 
charpit  system,  has  Jbeen  applied  with  success  to  this  problem  in 
the  Pacific  Northwest. 

The  magnitude  of  this  work  of  stump  removal  may  be  recog- 
nized when  it  is  considered  that  as  yet  but  from  one-half  to  five 
per  cent  of  the  area  of  many  of  our  northern  counties  is  now 
under  cultivation.  The  problem  is  pressing  not  only  in  the 
forested  region  of  this  state,  but  is  equally  important  in  north- 
em  Minnesota  and  Michigan. 

The  studies  here  outlined  have  been  confined  to  but  one  aspect 
of  the  problem,  viz.,  the  use  of  explosives,  and  represent  work 
which  has  been  undertaken  cooperatively  between  this  Station, 
the  OflSce  of  Farm  Management  of  the  United  States  Department 
of  Agriculture,  and  the  Northeast  Experiment  Farm  of  the  Uni- 
versity of  Minnesota. 

H.  L.  RUSSELL, 

Director, 


THE  USE  OF  EXPLOSIVES  IN  CLEARING  LAND 


J.  p.  KADONSKY. 


Explosives  are  used  extensively  in  clearing  new  land  in  Wis- 
consin and  ^Minnesota,  especially  in  the  regions  with  clay  soils 
once  heavily  timbered  with  pine.  Explosives  are  now  handled 
in  many  different  ways,  and  there  is  great  ne(»essity  of  systema- 
tizing and  describing  the  best  method  of  clearing  land  with  ex- 
plosives. These  explosives  are  used  to  extract  stumps  by  breaking 
them  to  pieces  and  also  to  remove  boulders.  Explosives  may 
also  play  an  important  part  in  s]>littini!r  and  jarring  off  the  soil 
from  the  roots  in  connection  with  mcchani(»al  power  in  pulling 
stumps. 

The  advantage  of  using  explosives  in  clearing  new  land  is 
that  a  big  investment  is  not  necessary  as  in  case  of  stump  ma- 
chiner>^  Explosives  can  be  used  in  some  way  by  almost  every 
settler.  The  stumps  and  boulders  are  left  in  such  form  as  to 
be  handled  easily  and  disposed  of.  The  roots  are  freed  from 
soil  and  the  large  parts  broken  up  so  they  can  be  used  for  fuel, 
as  is  the  practice  in  many  sections  at  present. 

An  explosion  is  the  sudden  transformation  of  a  solid  into  a 
gas  wKich  occupies  a  greater  space.  A  common  error  is  made 
by  many  practical  men  in  thinking  that  the  action  of  dynamite 
is  downward,  rather  than  being  equal  in  all  directions.  It  ap- 
pears to  act  downward  from  the  shattering  effect  on  the  soil  or 
boulder,  but  the  action  upward  is  just  as  great  only  there  is 
usually  nothing  visible  to  show  it.  The  action  on  the  soil  chem- 
ically is  not  detrimental,  as  is  commonly  believed,  but  would 
rather  tend  to  improve  fertility. 

Kinds  op  Expi^osives 

Two  common  kinds  of  explosives  used  in  Wisconsin  and 
Minnesota  are  dynamite  and  virite.  The  dynamite  ranges 
from  20  per  cent  to  60  per  cent  in  strength,  but  the  most  uni- 
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vcrsally  used  is  40  per  cent.  The  60  per  cent  "straight"  acta 
very  rapidly  with  a  shattering  effect,  while  the  25  per  cent 
"extra"  acts  comparatively  slowly  with  a  propelling  force. 
Virite  is  only  of  one  strength  equal  to  40  per  cent  dynamite,  as 
determined  in  the  field,  hut  much  slower  in  action.  The  higher 
the  strength  the  speedier  and  more  sensitive  the  dynamite. 
Those  grades  marked  "extra"  are  slower  in  action  and  should 
he  used  where  a  propelling  force  is  desired. 


[plosives,  tusfs  nnd  capi.    CompsTl- 
tbe  caps  imil  tiiaee. 

It  is  very  importiint  to  have  the  different  grades  of  dynamite 
where  .slialterino:  .ind  pmpellinir  fiiri'e-!  arc  required.  In  rais- 
ing a  houldcr  or  a  stump,  a  slow  propelling  force  is  best,  but 
for  breaking  recks  or  stumps  a  sin.'cdy  slmttcring  fon-e  is  neces- 
sary. Dynamite  freezes  easily  and  when  in  that  condition 
should  he  handled  very  carefully.  When  it  is  left  in  the  hot 
sun  during  the  summer  it  is  rendered  much  more  sensitive  and 
rccpiircs  more  precautions  in  working  with  it.  The  effects  of 
the  odor  or  contact  with  dynamite  causes  many  operators  to  be- 
come sick.  If  a  pair  of  canvas  gloves  is  used  in  handling  the 
cartridges  they  can  he  discarded  when  they  become  saturated. 
Breathing  the  smoke  or  fumes  should  be  entirely  avoided. 

Virite  is  comparatively  more  stable  than  dynamite.  The  lat- 
ter can  almost  always  he  exploded  by  a  ball  from  a  rifle,  while 
the  virite  would  remain  intact.    Virite  is  put  up  in  bulk  or 
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cartridge  form  and  is  non-freezing  and  consequently  can  be  used 
in  the  coldest  climate  without  thawing.  It  has  no  odor  which 
affects  the  operator  as  in  case  of  dynamite,  but  the  powder  can- 
not be  used  in  water  unless  confined  in  water-proof  cartridges. 


Handling  Explosives 

Following  is  the  equipment  needed  for  blasting  in  t.hie  field: 
a  supply  box,  auger,  crowbar,  shovel,  wooden  ramrod,  and  a 
cap-crimper.  A  supply  box  can  be  made  on  the  farm  by  tak- 
ing an  empty  dynamite  box 
and  placing  a  vertical  par- 
tition across  one  end,  leav- 
ing a  space  the  width  of  an 
explosive  cap  box.  At  one 
end  of  this  make  a  compart- 
ment that  will  just  adroit  a 
box  of  caps.  The  remairder 
of  this  space  can  be  divided 
equally  by  one-half  inc.i 
cross  pieces  and  each  section 
labelled  IS  inches,  20  inches, 
and  2i  inches,  respectively. 
The  remainder  of  the  box  is 
used  for  explosives.  Care 
should  always  be  taken  to 
keep  the  caps  separated 
from  the  explosive.  A  wood- 
en hoop  may  be  nailed  over 
this  box  for  a  handle  so  that 
it  balances  when  filled  wnth 
supplies.     (See  Figure  1.) 

A  convenient  auger  is 
made  by  welding  a  long 
shank  onto  an  ordinary  two  inch  auger.  Where  the  roots  are 
not  too  numerous  and  admit  a  larger  auger,  it  would  be  advisable 
to  use  it..  A  medium-sized  tapering  crowbar  should  be  used 
The  large  end  should  be  drawn  to  an  edge,  and  the  other  end,  to 
a  blunt  point.  The  ramrod  can  be  made  from  an  ordinary  broom 
handle  and  should  be  at  least  3^A  feet  long.  These  tools  are 
showTi  in  Figure  2.  A  round  pointed  shovel  is  best  for  remov- 
ing the  soil  from  the  roots  w^hen  loading  and  in  filling  the  hole 


Figure  2.  Three  essential  tools  for  prepar- 
ing holes  under  stumps  for  blasting; 
large  soil  auger  In  the  center,  a  crow- 
bar at  the  right  and  a  pick  at  the  left 
for  opening  a  hole  under  the  stump. 
Each  is  an  important  labor-saving  de- 
vice in  placing  explosives  properly. 
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when  tamping  the  charge.     A  long  tin  funnel  should  be  used  to 
pour  the  virite,  when  in  bulk,  under  the  stump. 

For  making  holes  in  the  dynamite  to  receive  the  cap,  a  taper- 
ing hardwood  stick  just  a  trifle  smaller  than  the  diameter  of 
the  cap  can  be  used.  Attach  this  stick  to  a  cord  fastened  to  a 
trousers'  button  where  it  will  not  be  lost.  Where  the  stumps 
are  of  uniform  diameter  it  is  well  to  prepare  the  fuse  of  certain 
lengths  before  going  into  the  field.  Cut  the  fuse  with  a  hand 
ax  by  laying  it  on  a  block  on  which  a  board  is  nailed  horizontally 
and  marked  the  desired  lengths. 

We  also  carry  with  us  a  roll  of  fuse  which  are  cut  in  the  field 
to* meet  exceptional  cases.  There  are  a  good  many  different 
wiays  of  handling  this  fuse.      Some  people  blast  with  only  about 

six  inch  fuse  no  matter  how  long  the  hole  is,  by  lighting  the 
short  fuse  and  dropping  the  dynamite  on  the  rest  of  the  charge, 
exploding  without  tamping.  I  do  not  approve  of  this  method. 
The  end  of  the  fuse  should  be  cut  square,  not  on  a  slant.  If 
ciit  slantwise,  the  point,  becoming  diy  and  hard,  is  likely  to 
explode  the  cap  when  inserted  into  it ;  or  this  point  is  likely  to 
turn  over  in  the  cap  and  cause  a  misfire.  The  fuses  are  then 
inserted  into  the  caps  and  crimped  with  a  crimper.  Care  should 
be  taken  that  each  cap  is  free  from  any  foreign  matter,  since 
this  will  serve  as  a  protection  to  the  fire  from  the  fuse  and 
cause  a  misfire.  The  fus^  should  not  I  e  inserted  into  the  cap 
too  far  and  should  never  touch  the  bottom  since  this  is  very 
sensitive  and  may  cause  an  explosion.  When  the  end  of  the 
fuse  enters  the  cap  and  is  crimped  so  that  it  just  holds  and 
witlistands  a  reasonable  amount  of  pulling  during  the  process 
of  tamping  the  charge,  it  is  sufficient.  The  fulminate  in  the 
cap  is  so  sensitive  that  it  is  exploded  by  the  fire  from  the  fuse 
when  the  end  is  nearly  one  inch  outside  the  opening  of  the  cap, 
if  the  fuse  be  directed  into  it.  Do  not  expect  the  fuse  to  burn 
like  a  fire  cracker  fuse.  It  is  lit  as  soon  as  it  gives  a  little  spit 
of  fire  in  answer  to  the  match,  but  the  outside  cover  of  the  fuse 
does  not  bum.  Always  retreat  at  least  one  liundred  feet,  after 
lighting  the  fuse,  until  the  charge  explodes.  Instances  have 
been  brought  to  my  attention  where  the  fuse  was  lit  in  the 
morning  and  hung  fire  all  forenoon  and  exploded  about  11 
o'clock. 
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Placing  the  Charge 

In  blasting  a  stump  the  explosive  is  always  placed  under  it 
in  the  soil  and  not  in  the  wood  of  the  stump.  To  get  to  the 
desired  point  it  is  necessary  to  make  a  hole  with  an  auger  or 
crowbar  between  the  roots  into  the  ground  at  the  proper 
angle  to  get  the  charge  in  the  center  of  resiatance.  The  hole 
should  be  made,  if  possible,  between  two  prominent  extending 
roots  which  come  close  together  as  shown  in  Figure  3.  There 
are  two  reasons  for  this.  First,  there  is  less  chance  for  the 
force  to  blow  out  of  the  hole,  due  to  the  resistance  offered  by 


rirnn  S.    Cbarsei  of  cxploalvea  should  be      Fleuie  t.   Wlm  ■  nnill   root   itopf  Um 

pliccd  UDd«  Btumpi,  at  the  eealtr  of  protma  of  tbe  sueer,  ■  anial]  pl««  of 

ntlstuice.    VtlDt    ■   IodK  handled   soil  dj^DHmlta  with   tuie  ■ttadied,   dropped 

anger,  tbe  bote  miy  be  bored  between  down   Into   tbe  hole   acalDat   thli  root 

t«o  luge  roots  Into  tbe  sol],  under  the  end  exploded,  will  remoTe  It  eOectlvFl; 

center  ol  tbe  stump  until  tbe  cenler  of  and   make   it   easier   to   comiilete   tbe 

rtilBtuiM  Is  reaeWd.  boring  ol  tbJa  bole. 

these  roots.  Second,  owing  to  the  root  distribution,  there  are 
generally  no  roots  immediately  behind  these  and  consequently 
less  chance  to  meet  with  obstacles  in  making  the  hole. 

When  a  hole  is  started  and  the  tool  used  meeta  with  an  ob- 
stacle in  tbe  form  of  a  small  root  or  stone  such  a  resistance  can 
often  be  removed  by  blasting.  A  piece  of  dynamite  one  inch 
long  is  used  and  in  the  side  of  the  paper  wrapper  two  cuts  at 
right  angles  are  made  into  which  a  capped  fuse  about  four 
inches  long  is  inserted.  This  charge  (shown  in  Figure  4) 
which  resembles  a  fire  cracker  to  some  extent,  is  then  lit  and 
dropped  down  into  the  hole  next  to  the  obstruction,  without 
tamping. 

The  force  of  this  small  explosion  generally  renders  conditions 
such  that  the  process  of  boring  can  be  continued.  This  charge, 
costing  only  a  couple  of  cents,  often  saves  an  hour's  work  and 
also  enables  the  chaise  to  be  placed  where  the  maximum  force 
will  be  received  from  the  explosive.     When  the  root  formation 
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is  such  that  it  is  very  difficult  to  get  a  large  tool  under  the 
stump,  a  hole  often  can  be  made  by  driving  the  small  end  of 
the  crow  bar  down  so  that  the  point  terminates  where  the  charge 

should  be  placed.  Then  take 
a  small  piece  of  dynamite 
about  one  and  one-half  inches 
long,  crumble  it  up  and  drop 
it  to  the  bottom  of  this  hole. 
Try  to  get  all  or  as  muoh  as 
possible  of  the  powder  to  the 
bottom.  A  small  stick  cau  be 
used  some  times  to  get  it 
down.  Next  take  a  capped 
fuse  about  four  inches  long, 
drop  it  down  upon  thh 
powder  and  light.  (See  Fig- 
ure 5.)  When  properly  car- 
ried out  this  explosion  will  make  a  pocket  under  the  stump 
which  will  admit  the  desired  charge.  Should  the  passage  be 
too  small  or  curved  so  as  not  to  allow  free  passage  of  a  cartridge, 
it  should  be  crumbled  and  the  contents  poured  down. 


Figure  5.  When  the  soil  is  very  hard  under 
the  stump  and  boring  difficult,  break 
up  a  cartridge  and  pour  the  loose  pow- 
der Into  the  hole,  as  shown  above. 
Then  with  a  cap  attached  to  a  fuse 
set  off  this  small  charge  to  open  the 
way  for  the  placing  of  a  larger  charge. 


Figure  6.    The  hole  should  be  bored  past    Figure  7.    A  common  error  in  placing  cx- 


the  center  of  the  stump  sufficiently  to 
allow  the  explosive  to  be  placed  across 
this  center  as  above,  rather  than  on 
one  side  of  It,  as  shown  in  Figure  7. 


plosives  is  to  bore  the  hole  Just  to  the 
center  of  the  stump  and  not  beyond  it. 
When  the  charge  Is  placed  at  one  side 
of  the  center,  it  either  merely  blows  off 
a  part  of  the  stump  or  forces  away  the 
soil  at  one  side  and  does  not  remove 
the  stump  perfectly. 


For  an  extremely  large  stump  a  big  charge  is  necessary, 
placed  in  as  compact  form  as  possible.  To  do  this  a  pocket  is 
blown  at  the  bottom  of  the  hole  in  the  same  manner  as  above  in 
the  case  of  removing  an  obstacle.     Care  should  be  taken  not  to 
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get  the  pocket  too  large  so  the  dynamite  cannot  be  tightly 
packed,  which  is  absolutely  necessary,  in  order  to  get  the  best 
results.  On  the  contrary,  virite  must  have  plenty  of  room  and 
must  not  be  tamped  under  any  circumstances.  Where  the 
dynamite  cartridges  are  packed  in  the  hole  without  breaking, 
leaving  the  explosive  in  a  cylindrical  form,  the  hole  should  he 
bored  past  the  center   of   resistance,    equal  to  half  the  length 


exploaloD  removed  one  bhxv  una  a  ij 
Id  bad  ahap«  lor  lartber  blaitlne. 

of  the  charge,  which  brings  the  bulk  in  the  center  of  resist- 
ance as  shown  in  Figure  6. 

The  common  way  of  placing  the  charge  is  to  bore  a  hole  un- 
der the  stump  at  an  angle  o£  45  degrees,  tenuinating  it  at  the 
center  of  the  stump,  as  shown  in  Figure  7.  When  the  cart- 
ridges are  pressed  down  unbroken,  the  charge  is  then  out  of  the 
center  of  resistance,  and  consequently,  the  results  are  not  satis- 
factory. 

Often  when  boring  a  hole  an  obstacle  is  met  with  before 
reaching  the  center  of  resistance,  the  operator  places  the  charge, 
increasing  the  amount  of  powder  believing  this  will  do  the  work 
as  well  as  when  properly  placed.  This,  however,  is  not  the 
ease.  The  side  of  the  stump  is  blown  away,  cutting  the  roots, 
leaving  almost  all  of  them   and  half   of  the   stump  behind,  as 
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shown  in  Figure  8.  It  is  necessary  to  emphasize  this  point. 
Place  the  charge  far  enough  under  the  stump,  in  the  center  of 
resistance,  but  not  always  necessarily  under  center  of  the  stump. 
Time  is  well  spent  in  putting  forth  extra  eflfort  in  doing  so. 

When  a  stump  is  located  on  a  slope  the  center  of  resistance 
and  the  center  of  the  stump  are  not  the  same ;  hence,  when  the 
charge  is  placed  under  the  center  of  the  stump,  only  part  of  it 
is  blown  out.    Here  the  resistance  is  greater  toward  the  higher 


Figure  9.  When  stumps  staud  upon  a  hill  side,  the  center  of  resistance  Is 
up-hill  from  the  center  of  the  stump.  The  distances,  A  and  B,  should 
be  about  equal  sp  that  the  charge  will  not  blow  out  of  the  lower  side 
of  the  stump. 

slope,  and  consequently,  the  charge  must  pass  the  center  of  the 
stump  to  get  it  in  the  center  of  resistance  as  shown  in  Figure  9. 
Often  the  root  formation  is  greater  on  one  side  than  on  the 
other  and  when  the  charge  is  placed  under  the  center  of  the 
stump  the  force  takes  the  path  of  the  least  resistance,  shooting 
out  at  one  side.  (See  Figure  10.)  To  remedy  this,  place  the 
charge  over  toward  this  heavy  root  formation,  as  in  Figure  11, 
which  will  bring  it  in  the  center  of  resistance  and  give  better 
results.  Some  times  the  nature  of  the  soil  on  one  side  of  the 
stump  is  such  that  it  offers  more  resistance  than  that  on  the 
other,  which  must  also  be  taken  into  consideration  when  blast- 
ing. 
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Deep  Charges  Unnecessary 


Tlie  depth  at  whit'li  the  charge  should  be  placed  is  also  very 
iiiiportant  and  on  this  point  varied  opinions  are  held  by  differ- 
ent operators.  It  has  been  found  by  placing  a  charge  at  a  com- 
paratively great  depth,  as  advocated  by  many,  that  it  required  a 
greater  amount  cf  explosive  and  the  results  obtained  were  not  so 
satisfactory  as  when  h-ss  powder  was  nsed  at  less  depth.  The 
cost  was  greater,  the  stump  was  not  broken  up  and  freed  from 


Whfn  a  chnrg?  it   pisnd  too  dwp  )□  claf 

the  stump  Ib  mertlj-  ipllt.  ■■  shown  here. 

H>  shown   In   Pigurf  13.    While  the  chBtRC 

chouM 

luld  be  aa  closn  ic 

soil,  and  InrRer  holes  were  left  to  he  filli'd,  when  the  charge  was 
placed  deep.  This  is  due  to  the  fact  that  by  placing  the  charge 
some  distauwi  in  tlie  soil  iielow  the  base  of  the  stump,  a  large 
mass  of  soil  must  be  raised,  which  also  serves  as  a  protection  to 
the  stumip,  Wlieii  an  ordinary  eharge  is  deeply  placed  in  a 
clay  soil,  the  result  is  a  pear  shaped  hole  in  the  soil  and  a  split 
stump  thniuffh  wliieh  the  jrises  cseapc  like  the  one  in  Figure 
12. 

In  light  sandy  soil  the  gases  tend  to  blow  out  on  either  side 
of  the  stump  between  the  i-oots  when  the  charge  is  deep,  leaving 
the  stump  in  plree  as  in  Figure  13.     This  is  dne  to  the  greater 
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case  with  whiuh  the  force  can  escape  at  some  distance  below  the 
Iwse  of  the  stump  where  there  is  a  greater  spread  of  roots  than 
farther  above. 

Care  should  a!so  be  taken  not  to  place  the  explosive  too  shal- 
low. I  f  the  cliarge  is  not  deep  enough  and  the  head  of  the  stump 
is  weak  the  result  is  that  the  top  of  the  stump  is  blown  off,  cut- 
ting and  leaving  the  roots  above  the  plow  line  like  those  in  Fig- 
ure 14, 

It  is  difficult  to  set  any 
hard  and  fast  rules  regard- 
ing the  depth  at  which  tho 
ehni^e  should  be  placed  un- 
der the  stump.  The  oper- 
ator must  use  his  judgment 
in  each  individual  case,  but 
place  the  explosive  as  shal- 
low as  possible,  avoiding  cut- 
ting off  any  part  of  the 
stump  above  the  plow  line. 
This  wi"!  give  the  best  and 
mo  it  economical  results.  As 
a  rule  it  is  best  to  place  tlie 
explosive  in  a  bulk  form 
breaking   up    the    cartridges, 

i^Riiiii-iHllv   whpTi   hlHBtinff  Inrir.i  I^S""  13.    When  ■  charge  It  plawd   too  Oxtn 

cspedaiij  nnen  oiasiing  (arge  jq  ught  gondr  sol],  ihe  loroe  ot  the  ex- 
stumps.  The  force  then  ra-  f^Smp'^^ndfr-gT/.h^n"!"'.'"'  ^"""^  "" 
<li«teB  equally  from  one  cen- 
tral point  and  splits  the  stump  into  the  maximum  number  of 
parts.  When  the  charge  is  in  a  cylindrical  form,  most  of  the 
force  acts  at  right  angles  to  it  and  generally  splits  the  stump 
into  two  parts. 

Hints  on  Pi,.\.cing  Charges 
There  are  a  few  things  that  should  be  observed  about  load- 
ing bo  save  time  and  tret  the  best  results.  "Whien  the  hole  for 
the  charge  is  large,  it  is  well  to  take  the  powder  out  of  the  car- 
tridge and  tamp  it  well  into  a  hullc  form.  The  pa]>er  wrapper:; 
should  also  he  included,  since  these,  which  are  saturated  with 
nitro-glycerin,  are  also  explosive.  The  quickest  and  a  most 
satisfactorj'  way  is  to  cut  the  wrapper  lengthwise  into  four 
parts  with  a  sharp  knife  as  shown  in  Figure  15, 


14 


SuLLETIN  Mo.  216. 


When  this  cut  cartridge  reaches  the  bottom  of  the  hole  and  is 
pressed  with  the  ramrod  it  bulges  and  crumbles  into  a  mass. 
When  placed  in  a  cylindrical  hole,  the  cut  parts  bulge  so  as  to 


FlEnn  14.  When  a  Rtunip  bai  a  wtak  top  aod  tb«  diargs  Is  placed  too  aballow,  the 
leault  ot  thB  exploiloD  1b  that  the  bead  of  the  ititinp  la  Mown  avaj,  aa  ahown 
here,  leavlue  the  large  roou  above  the  plow  line  In  a  poaltlon  verir  hard  to  re- 


n 


fill  the  opening  completely,  thus  making  the  charge  compact, 
which  is  desirable.     (See  Figure  16.) 

Into  the  last  part  of  the  charge,  the  fuse 
with  cap  crimped  onto  the  end,  should  be 
(ij   iH  I       I       placed.     If   an   ordinary   fuse   is  used,   a 

|g  Bl  1      |l       very  quick  and.  satisfactory  way  is  to  hold 

\\i  Ti  I  *^^  cartridge  in  the  left  hand  and  make  a 

V^J  hole  with  a  pointed  stick  slightly  smaller 

"SS*      than  the  diameter  of  the  cap  in  the  ade 
"■^pw'  fnabtef   the   "'=<'*•'  ^1'^  ^"''  «'  an  angle  of  30  degrees. 
Slmp^JetiT  [n'"t(,e''™?f   "^^^  '''^P  '^  ^'"'"  pressed  into  it  so  that  it  is 
buned   in   the  powder  and  the  fuse  bent 
back  to  form  a  sort  of  hook  with  the  cap  as  a  point.     {See  Fig- 
ure 17  )     This  is  passed  down  the  hole  to  the  remainder  of  the 
charge  and  the  fuse  can  stand  a  reasonable  amount  of  pulling 
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without  coming  out,  but  rather  tends  to  go  farther  into  the  car- 
tridge.    The  cap  on  an  electric  fuse  can  be  inserted  in  the  same 


manner,     but     the     wires 


Ffcrure  16.  When  presslnff  the  cartridge  Into  the 
hole,  always  use  a  wooden  ramrod,  never 
a  metal  crowbar,  and  press  the  cartridge 
hard  enough  to  make  It  compact.  The  ex- 
plosion will  then  be  complete  and  effective. 


should   be  looped  eround 
the  cartridge. 

Care  should  be  exercised 
not  to  tamp  the  part  with 
the  cap,  but  to  press  it 
gently.  The  other  part  of 
the  charge  must  be  tamped 
well  if  dynamite  is  used, 
but  with  virite,  it  must  al- 
ways be  left  in  an  abso- 
lutely loose  form.  Th»3 
charge  is  generally  tamped 
with  soi!,  which  is  brought 
up  with  the  tool  in  bor- 
ing the  hole,  or  with  any  loose  soil  which  may  be  at  hand.  Al- 
ways use  a  wooden  ramrod  in  placing  and  tamping  the  explo- 
sives, and  never  place  any  metallic  tool  down  the  hole  near  the 
charge  under  any   circumstance. 

AVhen  the  operator  has  had  some  ex 
perience  and  knows  the  approximate 
amount  of  explosive  required  for  a  stump, 
it  is  well  to  load  a  large  number  and  fire 
them  at  one  time.  This  saves  time  and 
miles  of  travel  if  one  blasts  all  day  and 
fires  each  one  after  loading.  A  good  way 
is  to  load  for  half  a  day  and  fire  them 
during  the  noon  and  evening  hour,  when 
the  rest  of  the  workmen  are  not  present. 


Figure  17.  The  capped 
end  of  the  fuse  Is  In- 
serted hook  -  fashion 
into  upi>er  end  of  car- 
tridgc. 


Relation  op  Explosive  to  Sub-soil 

Each  kind  of  soil  requires  a  particular  kind  of  explosive.  It 
has  been  found  that  in  the  clay  soils  a  slow  propelling  force  is 
the  most  satisfactory,  which  is  furnished  in  dynamite  of  27  to 
30  per  cent  strength.  This  explosive,  acting  slowly,  removes  the 
roots  without  snapping  them  off  above  the  plow  line,  leaving 
the  soil  in  a  comparatively  loose  condition  as  shown  in  Figure 
18,  which  is  very  important  from  a  physical  standpoint.    When 
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a  speedy  powder  is  used,  aa  60  per  cent  strength,  on  the  clay  soil, 
it  snaps  many  of  the  roots,  leaving  them  above  the  plow  line 
and  packing  the  soil  firmly,  leaving  a  sort  of  basin  lilie  that 
shown  in  Figure  19. 

For  the  light  sandy  soil  where  the  footing  is  not  good  ajid 
there  is  chance  for  the  gases  to  escape,  a  speedy  force  should 
lie  used,  equal  to  60  per  cent  dynamite.  The  condition  of  the 
soil  with  respect  to  moisture  regulates  to  a  great  extent  the 
amount  of  explosive  required  per  stump.     Owing  to  a  great 


.    A  djnamlf*  of  moderate  strength,  about  S7  per  WEt.  will  li 
loose  cnuDbly  condlllon,   as  Btiann  here,  nhldi  Is  ileelrabte  r, 


variation  in  the  structure  of  stumps,  and  soil  cnnditions,  it  ib 
impossil>I<'  to  give  any  definite  information  as  to  the  amount  of 
powder  necessary  to  blast  a  stump  of  a  given  size.  This  must 
he,  regulated  by  tlie  experience  of  the  operator.  Extremely 
loud  reports  and  the  throwing  of  the  parts  of  the  stump  great 
distances  is  an  indication  of  an  excessive  use  of  explosives.  A 
deadened  report  following  tiic  explosion,  the  splitting  and  lift- 
ing of  the  stump  just  out  of  the  gi-ound  shows  the  most  econom- 
ical use  of  the  explosive. 
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Methods  op  Firing  Charges 

The  most  common  way  is  to  split  the  endl  of  the  fuse  to  ex- 
pose the  powder  which  is  lit  with  a  match.  Some  place  a  pinch 
of  dynamite  on  the  end  of  the  fuse.  The  quickest  and  most  satis- 
factory way  when  matches  are  used  is  to  thrust  the  head  of  a 
safety  match  whose  chemical  part  is  just  starting  to  burn  into 
the  end  of  the  fuse.  This  never  fails  to  fire,  no  matter  how 
much  the  wind  blows.     It  is  well  to  scratch  the  match  on  an 


adjacent  root  or  the  sole  of  the  shoe,  so  the  head  of  the  match 
cannot  burn  long  before  being  thnist  into  the  fuse,  which  is  very 
important  in  this  method.  Where  a  large  number  of  stumps  are 
to  he  fired  at  once,  a  live  brand  or  an  iron  rod  one  inch  thick 
and  about  tliree  feet  long,  heated  in  a  burning  rubbish  pile  in 
the  field,  is  recommended. 

The  safest  and  perhaps  the  best  means  of  firing  is  to  use  an 
electric  blasting  machine  for  that  purpose.  An  electric  blasting 
machine  consists  of  several  electric  dry  batteries  arranged  in  a 
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box  for  convenience  in  carrying,  and  connected  with  a  switch 
which  must  be  closed  in  order  to  fire  the  charge.  It  is  fitted 
with  screw  binding  posts  for  convenience  in  connecting  the 
machine  into  the  circuit  with  the  powder.  A  number  of  stumps 
close  together  can  be  fired  simultaneously.  The  cap  of  the 
electric  fuse  is  placed  in  the  cartridge  in  the  same  vray  as  the 
cap  on  the  time  fuse  only  the  wire  is  looped  about  the  cartridge. 
The  wires  running  to  the  cap  should  be  long  enough  so  that 
they  will  project  out  of  the  hole  when  the  charge  is  tamped. 
Connect  one  of  the  cap-wires  to  a  long  wire  running  to  the 
machine,  two  hundred  feet  away.  Connect  the  other  cap-wire 
to  an  insulated  wire  running  to  the  next  stump  and  so  on 
through  all  convenient  charges  back  to  the  blasting  machine  to 
complete  the  circuit.  The  method  is  illustrated  in  Figure  20. 
The  charges  are  fired  by  closing  the  switch. 


Figure  20.  Method  of  blaBtln;  several  stumps  at  oDce;  b  represents  electric  blastiog 
machine;  c,  a  charge  at  a  stump  connected  by  the  cap-wire  into  the  circuit  at  a; 
d  represents  an  Insulated  wire  connecting  one  charge  with  another. 

Care  should  always  he  taken  to  have  the  wires  disconnected 
at  the  battery  while  preparing  the  charges.  Electric  firing  has 
advantages  over  time  fuse  in  that  accidents  are  less  likely  to 
occur,  the  chtonce  for  misfires  is  reduced,  and  there  is  a  saving 
of  time  by  blasting  a  number  of  stumps  simultaneously.  Often 
two  or  more  adjacent  charges  must  be  fired  at  once  to  get  the  best 
results,  which  is  possible  only  by  the  use  of  electricity. 


Causes  op  Misfires 

Misfires  are  due  principally  to  the  presence  of  foreign  mate- 
rial in  the  cap ;  pulling  the  fuse  out  of  the  cap ;  pulling  the  cap 
out  of  the  powder;  or  to  a  defective  fuse.  Perhaps  the  most 
serious  accidents  occur  when  a  time  fuse  bums  to  a  certain 
point  and  then  owing  to  some  defect,  burns  very  slowly  for  a 
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few  minutes.  The  operator  after  waiting  for  what  he  co|isiders 
a  long  time,  approaches  the  stump,  when  the  explosion  takes 
place,  with  serious  results  to  himself. 

A  misfire  should  be  left  until  one  is  absolutely  positive  that 
it  will  not  explode.  Do  not  go  near  it  until  the  following  day. 
Then  it  can  be  treated  by  making  a  hole  or  removing  the  tamp- 
ing toward  the  charge  carefully,  but  not  coming  in  contact  with 
it.  A  small  charge  is  then  placed  near  the  first,  which,  upon 
exploding,  generally  sets  oflf  the  first  charge. 

Blasting  Boulders 

In  blasting  boulders,  the  aim  is  to  throw  them  above  the 
surface  and  break  them  into  smaller  parts  so  that  they  can  be 
handled  easily.  For  raising  these  masses,  a-  slow  propelling 
force  should  be  used.  The  charge  should  be  placed  under  one 
end  of  the  boulder  at  a  point  where  a  pry  would  be  placed  if  it 
were  to  be  raised  in  this  manner.  A  pocket  for  this  charge  can 
be  made  under  the  rock  by  means  of  a  loiig  handled  pointed 
shovel.  The  explosive  should  come  in  contact  with  the  boulder 
and  have  a  flat  ground  surface  parallel  to  the  rock  surface  with 
which  it  is  in  contact,  to  w^ork  against.  To  break  a  rock  on  the 
surface,  a  very  speedy  explosive  as  60  per  cent  dynamite  is  most 
satisfactory.  It  can  be  placed  on  the  mass  and  covered  with 
wet  soil.  The  most  effective  way  is  to  get  the  charge  into  a 
crevice  or  a  hole  in  the  surface  of  the  boulder  if  possible. 
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INTRODUCTORY 

rllS  bulletin  is  published  by  the  Institute  of  Makers  of  Ex- 
plosives.   The  aim  is  to  give  the  united  conclusions  and  the 
sum  of  the  experience  to  date  ci  nearly  all  makers  of  explosives 
and  of  farmers  who  have  dealt  successfully  with  the  problem  of 
the  uses  of  explosives  on  the  farm. 

The  material  has  been  classified  and  assembled  so  any  phase 
c^  it  will  be  available  easily  and  quickly.  Uncertainties  have  been 
eliminated  as  much  as  possible  in  favor  of  known  facts  and  formu- 
las established  by  actual  experience.  It  is  offered  as  a  manual  or 
handbook  for  farmers,  home  and  road  builders,  contractors,  park 
makers  and  others  who  must  remove  rocks  and  stumps  from  land, 
and  as  a  textbook  for  students  of  agriculture. 

Readers  will  find  that  the  recommendations  are  impartial,  and 
that  the  suggestions  on  that  part  of  the  work  which  can  be  done 
best  with  explosives  are  particularly  complete. 


Boulders  and  Ledges  of  Rock 

E^ight  generations  of  farmer;  have  picked  stones  off  the  ficMi  of  a  great 
many  farms  in  this  country,  and  in  these  same  fields  all  the  boulders  too  big 
to  be  moved  by  the  direct  strength  of  men  and  horses  still  are  dodged  by  the 
present  farmers.  Some  land  cleared  and  fanned  as  long  ago  as  the  Revolu- 
tionary War  has  not  had  the  "  niggerheads  "  removed  to  this  day. 

Those  stones  that  project  above  the  surface  erf  the  ground  can  be  avoided, 
but  those  hidden  underneath  are  more  serious  trouble  makers.  The  man  who 
works  hii  own  land  for  years  gets  to  know  where  they  lie,  and  can  escape  them 
to  a  certain  extent,  but  it  is  by  broken  plowshares  that  a  new  plowman  Icams 
their  location. 

In  former  years,  before  the  value  of  land  began  to  increase  as  it  has  of 
late  years,  farmers  found  more  profit  in  locating  a  new  acre  that  had  fewer 
stones  or  none  at  all  than  in  removing  those  from  a  stony  acre.  But  that  time 
i>  past.  Farm  land  today  can  be  made  to  pay  without  removing  the  boulders, 
but  a  far  greater  return  can  be  had  if  they  are  removed.  Stony  farms  can  be 
sold,  but  not  for  big  prices.     Thounhtful  farmers  remove  the  rocks. 

It  is  surprising  how  much  there  is  to  know  about  the  disposal  of  boulders. 
Too  often  this  work  has  been  attempted  in  ways  that  were  crude  and  wasteful 
<rf  energy  and  time,  and>considering  these  items,  very  expensive.  This  is  partly 
due  to  the  lack  ai  published  data  describing  easier,  simpler  ways.  The  up-b>- 
date  farmer  will  not  tolerate  methods  that  are  wasteful  or  unprofitable.  He 
may  find  ttK  information  he  wants  in  the  follovnng  pages. 


The  Profit  and  Loss  Account  of  Boulders 

The  interference  of  boulders  ai>d  rock  ledges  with  farming  operatioru  and 
profits  takes  many  forms,  and  its  cost  can  be  estimated  from  a  glance  at  a  few 
of  them. 


a  wblcb  Uiia  ballcliD  decluei  w. 


On  ground  where  a  cultivated  crop  is  grown,  each  boulder  causes  the 
waste  and  loss  of  about  half  an  hour  per  year  of  the  time  of  a  man  with  a  team, 

worth  five  dollars  a  day.  Four  seasons'  loss  will  remove  the 
Time  Lost    stones.    They  "eat  their  heads  off"  as  the  saying  goes,  ten  or 

more  times  during  the  active  lifetime  of  the  average  generation. 

In  addition,  the  breakage  and  damage  to  tools  and  machines  may  amount 
to  as  much  in  total  loss  as  that  from  waste  of  time.  This  is  particularly  true 
of  those  farms  where  modem  heavy  implements  are  used,  as,  for  instance,  the 
heavy  disc  harrows  for  four  or  more  horses,  the  gang  plows,  and  all  the  tillage 
took  pulled  by  traction  engines.  Tractor  plows  and  harrows  are  sure  to  be 
broken  in  stumpy  or  rocky  land.  It  is  impossible  to  make  good  time  with  gang 
plows  or  harrows  among  boulders,  because  of  the  constant  stopping  necessary, 
and  besides,  the  work  done  is  bound  to  be  poor.  Ten  to  twenty  boulders  to 
the  acre  are  just  about  as  bad  as  100  for  the  man  with  the  engine  imple- 
ments— they  make  good  work  and  speedy  work  impossible. 

About  each  rock  that  sticks  above  the  surface  some  weeds  are  sure  to 

grow.  There  never  is  the  stone,  or  log,  or  stump,  on  or  in 
Weed  Breeding    the  ground  but  where  you  can  find  a  thistle  or  two,  or 

several  specimens  of  other  equally  noxious  plants,  growing 
close  to  the  edge  or  out  from  under  it.    These  single  weeds  re-seed  entire  fields. 

Another  feature  of  the  loss  sometimes  caused  by  tight  stones  in  fields  is 

the  injury  to  horses  and  men  caused  by  the  sudden  strain  and  jerks.    Horses 

sprain  leg  joints,   shoulders,   hips  and  backs.     Many 

Danger  to  Horse    spavins  have  their  beginning  in  the  ugly  twists  sustained. 

and  Men  Brood  mares  often  are  caused  to  lose  their  foab  prema- 

turely.   The  baffling  for  which  stones  are  responsible  is 

one  of  the  most  common  causes  of  balkiness  of  farm  horses.    A  team  can  be 

m 

ruined  in  a  short  time  by  such  treatment. 

The  danger  to  men  is  not  so  common,  but  when  it  does  come  it  comes 
heavily.  The  records  of  the  past  generation  show  that  many  a  farmer  was 
struck  with  a  plow  handle  when  the  plow  point  encountered  a  stone  that  was 
tight.  Sometimes  the  result  is  a  broken  arm  or  hip,  or  rib,  or  worse  still,  a 
rupture.  The  newspapers  frequently  report  accidents  caused  by  the  driver  of 
a  mowing  machine  being  thrown  from  the  seat  into  the  knives,  or  under  the 
heels  of  the  horses,  when  the  machine  suddenly  struck  tight  obstructions  such 
as  stones. 

The  direct  loss  of*  crops  which  would  grow  on  the  land  occupied  by  the 
boulders  need  not  be  stated  in  figures.  Every  farmer  knows  that  the  loss  of 
com,  wheat,  or  hay  on  a  square  rod  amounts  to  1 5  to  50  cents  a  year. 

Tight  stones  on  a  farm  are  bound  to  keep  its  selling 
Low  Land  Value  value  down.  One  of  the  first  things  a  shrewd  buyer  of 
and  Increase  land  will  want  to  know  is  whether  the  soil  is  free  of  rocks 

that  interfere  with  cultivation.  One  of  the  easiest  and 
surest  ways  of  increasing  the  value  of  land,  for  selling,  for  actual  use,  and  in 
the  estimation  of  other  people,  is  to  clear  away  the  boulders. 

The  stones  themselves  may  not  be  without  value  when  they  are  broken  up 
in  pieces  small  enough  to  handle.     It  is  well  for  every  farm  to  have  a  pile 

in  some  convenient  place,  where  they  can  be  had  any 
Value  of  Stones    time  they  are  wanted.     They  are  valuable  for  building 

material,  and  in  drains  and  walks.  At  the  rates  prevail- 
ing in  many  places  it  is  easy  to  collect  fifty  dollars'  worth  of  stone  right 


near  where  it  is  needed  and  save  both  the  cost  of  the  stone  and  most  of  the 
expense  of  hauling. 

Some  of  the  more  common  purposes  for  which  stones  are  valuable  on  farms 
are  for  blind  drains,  for  lining  ditches  along  roads  or  in  fields,  where  the  water 
gouges  out  the  sides  or  bottom  on  account  of  a  grade  or  turn,  for  road  founda- 
tions, for  repairs  to  walks,  for  constructing  steps,  chimneys,  walb,  etc.,  for  fill- 
ing in  concrete  construction,  and  for  building  garages,  houses,  bams  and  silos. 

Clearing  land  of  boulders  should  not  be  regarded  as  an  expense,  like  taxes, 
or  like  the  cost  of  shoes  to  wear.  It  is  an  investment,  like  the  purchase  of 
Government  bonds,  or  like  the  purchase  of  shoes  by  a  storekeeper,  to  sell 
again.  When  money  is  spent  for  removing  boulders  by  a  farmer,  he  is  buying 
something — the  clean  land— that  at  once  begins  to  pay  back  the  cost  of  the 
work.  It  pays  for  itself  within  three  or  four  years  and  then  keeps  right  on  pay- 
ing dividends  year  after  year. 


Kinds  of  Rock  and  Their  Nature 
It  helps  if  you  know  your  rock  when  you  go  to  break  it  up,  for  many 
<Ufierent  kinds  exist  as  boulders  and  ledges  on  faims  and  in  roads.  In  some 
sections  the  term  "hardhead"  is  used  to  describe  one  kind  of  boulder.  Another 
term  is  "  niggerhead."  It  is  better  to  know  the  rocks  by  the  names  which 
deugnate  their  real  nature. 

Rock  Qualities 

What  does  make  a  difference  is  that  some  stones  are  easy  to  break  and 
others  are  not.  To  understand  why,  a  study  of  the  stones  is  necessary.  Their 
resistance  depends  on  their  comparative  hardness  and  toughness.  These  two 
qualities  must  not  be  confused,  for  they  arc  not  the  same. 
Hardness  end  To  illustrate,  window  glass  is  hard,  but  not  tough.  It  will 
Toughness  scratch  very  hard  steel,  but  will  shatter  under  a  light  blow. 

Untempered  iron  is  tough,  but  not  hard.  It  can  be  ground 
away  rapidly  by  a  stone,  or  scratched  with  glass,  but  it  is  extremely  difficult 
to  break  by  pounding  or  twisting. 

To  some  extent  stones  possess  the  same  qualities,  and  in  addition  aknost 
all  of  them  have  one  or  more  lines  of  weakness.  Most  rocks  have  a  grain,  not 
unlike  the  grain  of  wood,  and  will  split  more  easily  along  the  grain.  arKl  less 
easily  in  any  other  direction.  It  is 
safe  to  say  that  ail  rocks  have 
joints  running  in  one  direction,  and 
some  rocks  have  two  sets  of  joints 
running  at  right  angles.  The  joint 
lines  may  not  be  visible,  but  the 
force  of  a  blast  or  of  a  sledge  will 
find  them.  There  is  still  another 
sort  (rf  weakness  in  rocks  with 
which  the  blaster  should  be  famil- 
iar. This  is  the  bedding  plane, 
or  layer — with  lines  running  at 
ri^t  angles  to  both  joint-lines 
mentioned. 

Some  knowledge  about  the 
joints  and  natural  cleavage  planes 
makes  the  breaking  c^  rocks  easier. 
Even  the  most  massive  rocks  are 
divided  into  blocks  of  varying  sizes, 
making  them  split  in  some  direc- 
tions easier  than  in  others.  The 
cracks  will  tend  to  stop  short  and 
splinter  out  or  to  run  entirely 
throu^  the  stones,  depending  on 

the  toughness  of  the  rock,  while       ,    ^"*''lfJ!fT.^i^'i'i?7™*™^»'°,"°" 
the  blocks  will  or  will  rut  crumble      wiu  ihov  ■  mot  wb«a  ths  tores  cu  be  aii^ed  m 
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much  according  to  their  hardness,      uun  a  ths  atona  u  ■Hacked  u  (oUd  iiiota. 

Description  of  Rocks 

In  these  brief  remarks  we  will  make  no  attempt  to  give  the  geological 
classification  d  the  rocks,  but  will  try  to  identify  the  typical  rocks  found  as 
boulders  and  ledges  by  names  whidi  arc  used  most  generally,  and  to  make 


(,  but  It  will  not  par  to  dear  then 


clear  thnr  nature.  Common  names  for  diflerent  kinds  of  rock  or  stone  are 
not  always  satisfactory  because  the  common  name  applied  generally  to  one 
kind  of  roclc  in  certain  localities  in  numerous  instances  is  applied  to  an  entirely 
difierent  kind  of  rock  in  other  localities,  but  it  is  hoped  that  any  confusion 
will  be  limited. 

These  three  classes  of  rock  seldom  edst  as  boulders,  though  they  some- 
times interfere  with  cultivation  in  the  form  of  ledges  close 
Talc,  GTpsum  to  the  surface  of  the  ground.  In  this  shape  they  nearly  al- 
and Shale  ways  are  full  of  two  sets  of  joints,  and  lie  in  thin  beds.  Some- 
times the  seams  ^e  so  close  together  that  the  rock  breaks 
up  into  blocks  only  an  inch  or  two  square.  They  are  fairly  tough,  are  inclined 
to  crumble  rather  than  split  or  crack,  when  struck  with  a  sledge  hammer,  and 
are  easy  to  drill 

Usually  takes  the  form  of  flat  boulders  on  the  surface  in  fields  or  of  ledges 
which  project  almost  to  the  surface  or  above  the  surface  several 
Limestone     feet.    Limestone  generally  has  two  systems  of  joints.    It  also  has 
bed  lines  wide  apart— a  foot  or  more.    This  kind  of  stone  nearly 
always  is  tough,  breaking  off,  rather  than  splitting  far.    Its  hardness  varies. 
The  boulders  of  this  class  frequently  are  nearly  round.    Slate  rock  is  char- 
acterized by  a  thin  shingle  structure.    The  leaves  are  less  than  a  quarter 
Slate     of  an  inc:h  thick.    There  are  joints  as  well.    The  stone  is  tough,  break- 
ing only  a  short  distance  (but  splitting  on  cleavage  lines  easily),  soft, 
and  inclined  to  crumble. 

Occurs  as  boulders  of  every  shape  and  size,  and  as  ledges  of  all  sorts.    The 
ledges  usually  are  stratified —that  is,  in  beds  of  a  thickness  of  I,  2,  3  or  more 


feet.  It  has  frequent  joint  lines  running  in  two  directions,  and  it  breaks  up 
into  irregular  sized  blocks  of  more  or  less  rectangular  shape.  The 
Sandstone  sand  particles  which  compose  the  stone  are  very  hard.  When 
the  cementing  material  is  silica  the  stone  is  blue  or  white,  and 
mudi  harder  than  when  erf  an  iron  origin,  making  a  brown  or  red  stone.  For 
purposes  of  drilling,  blue  sandstone  must  be  classified  as  a  hard  rock,  and 
brown  sandstone  as  softer  rock;  and  for  breaking  purposes,  both  kinds  may  be 
iittcd  as  soft.    It  crumbles  easily,  and  is  rather  tough. 

These  rocks  and  others  like  them  in  structure  He 
Lava,  Mica  Rocks,  in  layers  from  2  to  100  feet  thick.  They  have  no 
Feldspar  other  bed  lines,  but  they  have  infrequent  joint  lines. 

Lava,  excepting  that  <rf  the  pumice  type,  is  hard  and 
brittle.    The  boulders  split  fairly  easily  into  pieces  of  irregular  shape  and  size. 
A  mixture  of  various  rocks,  such  as  slate,  sandstone  and  the  like,  often  in 
the  fonn  erf  pebbles  cemented  together,  making  a  rock  that  lies  in  beds.     It 
may  be  crystalline  and  very  hard — even  flinty — or  it  may  be 
Conglomerate     only  medium  hard.     The  boulders  are  rather  brittle  than 
tough.    Joints  in  one  direction  are  located  wide  apart.    Boul- 
ders (rf  conglomerate  rock  sometimes  have  a  ball-like  structure,  with  layer 
after  layer  1  to  6  inches  thick,  and  joints  every  2  to  4  inches.    The  layers  of 
such  rock  crack  off  like  the  skin  of  an  onion. 

Occurs  often  as  boulders,  though  frequently  there  are  granite 
Granite     ledges.     Granite  is  of  a  massive  structure,  with  frequent  joints.     It 
splits  easily.     It  is  hard  to  drill.     Some  granite  breaks  easily  while 
Other  is  difficult  to  shatter. 


Some  rocks  are  full  of  irregular  cavities  resembling 
General  Features    bubbles,  and  these  generally  make  the  breaking  easier. 

The  cavities  interfere  with  the  regular  joint  lines  and 
cause  the  splitting  to  take  place  along  new  lines  of  weakness. 

The  amount  of  force  required  to  break  a  rock  depends  on  its  hardness  and 
its  relative  toughness,  and  on  the  lines  of  weakness  or  cleavage  which  run 
through  it.  Hard  rocks  usually  crumble  less  easily  than  soft  rocks,  but  generally 
split  better  when  once  started.  Tough  rocks  are  hard  to  split  into  small  pieces, 
while  brittle  ones  shatter  to  bits  imder  a  proper  blow. 

The  point  at  which  the  force  should  be  applied  for  the  most  and  quickest 
breakage  depends  on  the  structure  of  the  rock  and  the  direction  and  frequency 
of  bedding  and  joint  lines. 
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Methods  of  Clearing  Away  Rocks 

Rocks  too  large  to  be  pried  out  and  loaded  for  hauling  by  hand,  and  tight 
ledgei,  must  be  broken.  Following  are  deKribed  eight  methods  of  breaking 
them.  Each  method  has  advantages  under  certain  conditions,  but  some  are  much 
more  serviceable,  convenient  and  easy  than  others  under  most  circumstances. 

List  of  Mdkods 
Hauling:    Gtnsists  of  either  dragging  with  chains  or 
Eight  Methods     kiading  on  sled  or  wagon.    See  page  31. 

Sledging:     Consists  of  hammering  than  into  pieces 
small  enough  to  handle.   Sec  [>age  14. 

Burying:    Needs  no  description.   See  page  14. 

Phig  and  feather  t»eaking:  Intended  for  splitting  out  building  stone. 
Ccxuists  (^  drilling  a  series  of  small  holes  in  a  line  across  a  boulder,  and  then 
driving  into  these  holes  special  steel  wedges. 

Blasting  by  drilling:  Called  "blof^oling"  when  referring  to  boulders. 
See  page  23. 

Blasting  by  undermining  or  underdrilling:  Called  "  undermine  blasting  " 
or  "snakcholing."    See  page  19. 

Blasting  by  mudcapping:  Also  called  "doby  shooting."  "plastering"  or 
"blistering."    See  page  15. 

Choice  of  a  Mdkod 
In  the  practical  handling  (^  rock  clearing,  the  elemoits 
Cost,  Hen,  ^me      to  be  considered  are  the  costs  (A  labor  and  m&tenal  re- 
ftnd  odier  Factors     quired.    These  are  governed  by  the  nature  and  amount 
of  rock  to  be  broken.    Time  is  also  an  important  factor. 
The  softer  and  more  brittle  boulders,  if  they  are  not  large,  may  be  dis- 
posed (rf  by  any  ti  the  above  methods.    Very  hard  and  tough  rock  caimot  be 
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■ledged  into  pieces  succeofully.  When  such  rocks  are  to  be  blasted  they  should 
be  drilled  (blockholed)  rather  than  mudcapped  or  undermined.  Led^  f£  rock 
always  should  be  broken  up  by  blasting  dniled  holes.  The  limits  of  size  of  rock 
at  which  mudcapping  becomes  impracticable  are  explained  on  page  1 5. 

Labor  conditions  are  important.  On  some  fanns  men  are  very  scarce  and 
wages  are  high.  At  other  places  there  are  periods  when  laborers  are  practically 
idle  and  can  be  put  to  dbposing  of  stones,  without  much  extra  cost.  In  the 
former  case  it  is  wise  to  let  explosives  do  all  the  work  possible  with  no  more 
drilling,  sledging,  handling  and  hauling  than  absolutely  necessary.  In  the 
latter  case  the  amount  of  explosives  used  should  be  kept  down,  and  the  idle 
men  left  to  do  the  resulting  extra  work. 

The  time  element  is  equally  important.  II  nothing  else  demands  the  at- 
tention of  the  men  on  the  farm,  a  slow  method  is  all  right,  but  when  stones  must 
be  removed  in  a  hurry,  the  quickest  method  probably  is  the  cheapest  in  the  end. 

When  the  cost  must  be  kept  down  as  much  as  possible,  and  when  easier 
and  better  methods  are  not  available,  burying  and  breaking  by  fire  may  be 
resorted  to,  provided  there  is  labor  available  at  little  cost.  Sledging,  when 
practicable,  is  a  cheap  method  if  labor  and  time  are  not  considered,  provided 
good  sledges  are  available.  But  it  is  slow,  hard  work.  This  applies  to  any 
way  of  disposing  c^  rocks  except  blasting.  If  the  conservation  t^  energy 
as  well  as  of  time  and  men  is  desirable,  the  use  <A  high  explosives  is  the  only 
method  to  consider. 

Mudcapping  is  the  easiest  way  to  blast  boulders  in  most  instances,  but 
takes  the  most  explosive  of  the  three  blasting  methods.  It  seldom  should  be 
attempted  with  boulders  containing  more  than  3  cubic  yards  of  stone  unless 
they  are  thin  slabs,  and  is  expensive  with  trap  rock  or  other  very  hard  and 
tough  material.  Rocks  should  be  flat  rather  than  round,  or  at  least  should  have 
a  flat  side  on  which  the  charge  can  be  placed. 
12 
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Undenniiung  or  "snakehoUng"  hat  practically  the  same  efiect  as  mud- 
capping,  though  it  requires  leu  explosives  and,  usually,  a  little  more  work. 
Blockholing,  though  elfcctivc  and  economical,  requires  time  and  tools  to  drill 
the  holes. 

Mudcapping  and  undennining  are  pre-eminently  the  methods  to  use 
where  there  are  only  a  few  boulders  to  dispose  of,  since  one  man  can 
do  in  an  hour  by  these  methods  what  it  would  take  much  longer  to  do 
by  any  other  method.  Stones  that  are  deeply  imbedded  should  be  under- 
mine blasted  lightly  to  roll  them  out,  or  at  least  to  loosen  them,  before  they  are 
mudcaf^jcd.  Some  very  large  stones  should  be  both  undermined  and  mud' 
cai^ted,  with  two  or  more  charges  fired  simultaneously  with  an  electric  blasting 
machine. 

Other  combinations  of  methods  will  suggest  themselves  to  a  resourceful 
blatter. 

Study  the  rock.  If  it  is  imbedded,  roll  it  out  by  undermine  blasting  as 
above  directed,  anJ  examine  it  on  all  sides.  Usually  you  will  find  that  an 
undermined  or  mudcap  blast,  unless  the  charge  of  explosive  has  been  small, 
will  break  up  the  boulder  and  nuke  blockholing  unnecessary. 


Detailed  Directions  for  Disposing  of  Boulders 

Small  boulders,  weighing  only  100  pounds  or  so,  may  be  dug  out  and  rolled 

into  wagons  on  planks,  or  dragged  off  the  field  with  chains.  With 

Digging  Out    larger  stones,  hauling  is  slow  business,  and  is  likely  to  result  in 

injuiy  to  men.  The  hard  straining  required  to  lift  the  rocks, 
added  to  the  danger  from  the  falling  of  heavy  stones,  makes  what  would  seem 
to  be  one  of  the  simplest  and  safest  of  jobs  an  exceedingly  hazardous  one. 

A  practicable  method  of  disposing  of  rocks  is  to  break 
Sledging  Rocks    them  up  with  sledges.    Use  heavy  sledges — the  heavier  the 

better.    The  tough  rocks  are  almost  impossible  to  break  in 
this  way.    It  is  impractical  to  sledge  up  large  rocks  of  any  kind. 

Pay  particular  attention  to  the  direction  of  the  grain  and  the  lines  of 
cleavage.  A  blow  right  at  a  vital  point  often  will  break  a  rock  in  two  when 
you  could  hammer  away  an  hour  at  another  part  without  much  effect. 

When  you  sledge  rock,  there  is  much  danger  from  flying  bits  of  stone,  and 
it  is  a  good  plan  to  wear  gloves.  Tie  your  coat  sleeves  over  the  gloves  or  the 
gloves  over  the  sleeves,  turn  your  collar  up,  wear  a  cap  which  pulls  down  over 
the  ears,  and  wear  goggles.  If  you  have  no  goggles,  be  careful  to  shut  your 
eyes  when  striking  the  rock. 

One  way  is  to  dig  a  pit  alongside  the  stone,  and  tip  it  over.    This  is  suit- 
able for  stones  that  can  be  pried  over.    Large  stones  must 
Burying  Rocks    be  undermined  and  let  sink  down  slowly.    Let  each  end 

down  separately.  Elxtreme  care  must  be  used  in  this  oper- 
ation to  prevent  the  rock  from  rolling  on  the  man  who  digs.  Burying  heavy 
stones  is  a  dangerous  op>eration,  and  has  crippled  and  killed  many  a  man. 

Burying  rocks  is  open  to  the  objection  that  at  some  time  the  work  may 
have  to  be  done  over  again,  on  account  of  not  getting  the  top  low  enough. 
Frost,  erosion,  and  other  forces  gradually  have  the  effect  of  bringing  the  stones 
to  the  surface.  If  the  rock  is  large,  it  will  interfere  seriously  with  the  growth 
of  anything  planted  over  the  spot.  Buried  stones  are  beyond  your  reach  if 
needed  for  building  purposes. 

The  easiest  way  of  breaking  stones  is  to  do  it  with  high  ex- 
Blasting    plosives.    The  directions  for  this  work  are  here  given  in  full  detail, 
with  careful  attention  to  mudcapping,  blockholing  and  undermining 
or  "snakeholing,**  and  to  combinations  of  these. 
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Blasting  Boulders  and  Ledges 

Ail  of  the  methods  described  in  the  preceding  chapter  are  more  or  less 
useful,  but  in  actual  practice  the  disposal  of  boulders  or  ledges  nearly  always 
will  be  impractical  uiUess  you  use  explosives. 

Mudcapping  Rock 

Briefly,  mudcapping  rocks  consists  in  placing  the  explosive  in  a  neat  pile 
on  a  face  of  the  rode,  covering  it  with  about  6  inches  of  stiff  wet  clay,  and  ex- 
ploding it.    When  done  right,  the  force  of  the  explosion  breaks  the  rock. 

It  is  the  enormous  speed  of  the  gases  which  accounts  for  the  success  of 
such  a  blast — ^the  time  element.  Mudcap  blasting  is  made  possible  by  the 
intensely  fast  shattering  action  of  some  of  the  modem  high  explosives.  It  can- 
not be  done  satisfactorily  with  black  powder  nor  with  the  slower  kinds  of  high 
explosives. 

Owing  to  the  resistance  of  the  air  and  the  inertia  of  the  material  in  the 
mudcap,  the  gases  strike  the  rock  like  an  enormous  sledgehammer  swung  at  a 
rate  faster  than  the  eye  could  follow.  Such  a  blow,  if  in  proportion  to  the  size 
and  strength  of  the  stone,  is  sure  to  shatter  it. 

Of  the  three  distinct  methods  of  blasting,  mudcapping  is 
Description     the  best  one  to  use  when  the  boulders  to  be  broken  are  flat  and 

brittle  and  smaller  than  5  or  6  feet  across. 

Probably  the  most  economical  mudcapping  p>er  cubic  yard  of  rock  is  in 
blasting  sandstone  boulders  having  flat  sides,  and  containing  4  to  6  cubic  yards. 
Some  sandstone  is  brittle,  yet  hard  to  drill,  therefore  should  be  broken  by  mud- 
capping. Shale,  slate,  conglomerate  and  other  such  rocks  break  very  success- 
fully under  mudcap  blasts.  Mudcapping  is  less  satisfactory,  owing  to  greater 
quantity  of  explosives  required,  when  very  hard  and  tough  rocks  such  as  trap, 
etc.,  are  to  be  broken.  In  fact,  mudcap  blasting  had  better  not  be  attempted 
on  hard,  tough  rocks  that  are  more  than  3  feet  in  diameter  unless  no  drills  are 
to  be  had,  and  the  stone  must  be  removed  immediately. 

If  the  stone  lies  free  on  the  surface,  it  is  ready  for  the  placing  of  the  ex- 
plosive. If  it  is  buried  in  the  ground  more  than  a  foot,  it  is  a  good  plan  to  dig 
or  blast  away  the  dirt  before  attempting  the  mudcap  blast.    One  way  to  do 

this  is  to  dig  a  trench  round  the  stone,  to  within  a 
Preparing  the  Rock    few  inches  of  its  bottom.    Another  way  is  to  place 

one  or  more  small  charges  down  alongside  the  stone 
and  to  loosen  up  the  dirt  or  throw  it  away  from  the  sides,  but  in  such  a  way 
as  to  leave  the  ground  firm  and  undisturbed  underneath.  A  third,  and  probably 
the  best  way  where  the  stone  is  almost  buried,  is  to  explode  a  slightly  larger 
charge  down  under  one  side  of  the  stone  to  roll  it  out  of  its  bed,  and  onto  the 
surface  of  the  ground.    Then  it  is  ready  for  mudcapping. 

In  determining  the  best  point  at  which  to  place  the  explosive,  considera- 
tion of  the  principles  of  rock  structure,  as  outlined  on  pages  7  and  9,  should 

be  the  basis.  Study  the  make-up  of  the  rock  and  de- 
Locating  the  Place  termine  the  directions  in  which  it  will  split  the  easiest. 
for  the  Charge  Look  for  and  work  for  the  hair-thin  but  far  reaching 

seams.  Clean  the  dirt  or  dust  from  likely-looking 
places.  The  joint  lines  most  of  the  time  will  be  hardly  visible,  yet  they  are 
important  if  tiie  most  complete  and  economical  breaking  is  to  be  secured. 

Some  workers  say  that  they  put  the  explosive  where  they  would  hit  the 
stone  with  a  sledge  if  it  would  be  possible  to  break  it  with  one  blow.    The  big 
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thing  is  to  get  the  eq>lo»ve  at  a  vulnerable  point  on  the  rock,  whether  this  is 
top  or  sides.  It  may  be  necessary  to  support  the  explosive  and  its  covering  of 
mud  with  a  banking  of  dirt,  or  with  props  from  the  ground,  if  the  charge  has 
to  be  located  down  along  the  side. 

It  is  better  to  place  the  explosive  in  a  depressicHi  or  hollow  on  the  stone, 
or  at  least  on  a  flat  face,  than  on  a  round  or  bulging  surface.  A  round  face 
acts  to  some  degree  as  an  arch,  and  resists  the  blow  of  the  eitplosive  much  more 
than  a  flat  face.  A  depression  gives  the  explosive  some  confinement  that  en- 
ables it  to  do  better  work. 

In  placing  the  explosive  it  sometimes  is  well  to  deepen  crevices  or  de- 
pressicKu  with  a  drill  or  cold  chisel,  in  this  way  making  what  might  be  called 
a  semi-mudcap  out  of  the  blast.  Such  a  blast  is  more  efficient  than  when  the 
explosive  is  placed  on  a  flat  or  rounding  surface.  If  it  is  desired  to  break  the 
boulder  or  rock  into  pieces  of  certain  shapes  and  sizes,  make  channels  across 
the  face  with  a  chisel  or  mason's  hammer  and  place  the  explosive  in  these 
channels.  The  process  is  like  breaking  ice  by  chopping  channels  across  iL 
This  treatment  gives  rough  dimension  pieces,  but  it  may  increase  cost. 

The  charge  of  explosive  ordinarily  should  be  placed  in  a  low  cone  at  the, 
point  selected  on  the  rock.  If  less  than  four  cartridges  are  to  be  used,  it  is  well 
to  take  all  the  explosive,  except  3^  cartridge  for  primmg,  out  of  the  paper  wrap- 
ping and  press  it  into  place.  If  the  charge  is  large,  one  or 
Putdng  the  more  of  the  cartridges  can  be  left  intact  and  bedded  in 

Charge  in  Place  loose  explosive.  Smetimes  the  cartridges  bed-in  better 
when  cut  in  two.  The  explosive  should  not  cover  much 
area  on  the  stone,  since  widely  spread  charges  tend  to  distribute  their  force  and 
have  lower  breaking  ability.    Scnnetiines  it  is  s  good  plan  to  place  the  explosive 
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in  a  long,  narrow  mass — if  there  is  a  long  depression,  or  crack,  or  the  rock  is  much 
longer  than  it  is  broad.  Thin  edges  of  the  mass  should  be  pressed  in  and  made 
steep  and  square. 

Before  all  of  the  charge  is  in  place,  put  in  the  cap  with  fuse  or  the  electric 
blasting  cap.    See  pages  143  and  150.    The  best  way  is  to  prime  a  part  of  a 

cartridge  of  explosive  in  the  usual  way  and  bed  this  in  the 
Inserting  Cap     loose  explosives.    If  you  decide  to  do  this,  stand  the  primed 

powder  on  end,  with  fuse  or  wires  projecting  from  the  top, 
and  the  closed  end  of  cap  pointing  toward  the  center  of  the  whole  charge  and 
then  press  the  rest  of  the  loose  explosive  about  it. 

If  a  primer  of  this  kind  is  not  used,  the  cap  must  be  inserted  directly  in 
the  charge.  To  do  this  punch  a  hole  a  little  larger  round  than  the  cap  about 
one-third  of  the  way  down  in  the  top  of  the  charge.  The  cap  should  be  in  the 
upper  third  of  the  charge.  To  place  the  cap  deep  in  the  mass  might  lower  the 
efficiency  of  the  blast. 

Use  the  handle  of  the  cap  crimp>er  or  a  blunt-pointed  stick  for  punching 
the  hole,  as  directed  on  page  147,  and  see  that  the  cap  is  pushed  to  the  bottom 
of  the  hole  and  that  the  explosive  is  pressed  closely  around  it. 

The  covering  of  mud  should  be  put  over  the  charge  carefully.  Be  sure 
that  the  cap  is  not  pulled  out  of  the  explosives  during  the  covering  operation, 
or  later. 

The  mud  cap  should  be,  preferably,  of  stiff  wet  clay.    If  clay  cannot  be 

got  conveniently,  use  the  heaviest  earth  you  can  find. 
The  Mud  Covering    Sand  is  the  least  satisfactory  material,  but  can  be 

used  if  made  thoroughly  wet.  In  any  case,  the  mud- 
cap  must  be  MUD  and  not  dust. 

At  least  6  inches  of  mud  cover  should  be  placed  over  the  explosive.  This 
means  6  inches  of  covering  in  all  directions  over  all  of  the  charge.  If  the  charge 
is  6  inches  broad,  then  the  mudcap  would  cover  at  least  18  inches  of  the  rock, 
with  the  charge  centered  under  it.  To  make  a  mudcap  when  the  surrounding 
ground  is  dry,  it  is  a  good  plan  to  gather  and  mix  the  mud  in  an  old  dishpan 
or  box.  Then  to  apply  it  on  the  rock  simply  turn  the  pan  or  box  over  at  the 
right  place  and  press  the  mud  down  so  that  no  possible  air  spaces  remain  be- 
tween it  and  the  explosive  or  the  stone.  Be  careful  that  there  are  no  stones 
in  the  mud  covering.    They  fly  like  bullets  when  the  charge  is  fired. 

The  amount  of  explosive  to  use  depends  on  the  size  and  shape  of  rock  and 
on  its  toughness  and  hardness.    Below  is  a  table  which  will  serve  to  guide  the 

blaster.  These  figures  should  be  high  enough  to 
Amount  of  Explosive    cover  tough  stones.    Less  explosive  may  be  used 

for  rocks  that  are  easier  to  break.  Rocks  smaller 
than  one  cubic  yard  require  more  explosive  than  their  size-proportion. 

Approximate   Number   of  Pounds   of  Explosives   Required  for 
Mudcapping   per  Cubic  Yard  of  Rock 

Sandstone,  slate  and  similar  soft  or  easily  broken  rock  .1      lb.    . 

Limestone  and  other  intermediate  rock 1^4  lbs. 

Marble,  trap,  granite  and  similar  hard  tough  rock 2      lbs. 

While  this  table  serves  as  a  basis  for  calculating  the  amount  of  explosive 
required  to  break  boulders,  it  is  only  approximate,  as  the  weight  of  the  charge 
does  not  continue  to  increase  according  to  the  number  of  cubic  yards  in  the 
boulder.  Some  blasters  may  prefer  the  following  table,  which  gives  the  approxi- 
mate number  of  cartridges  required  for  each  diameter  of  stone. 


Number  of  V4  x  8  Inch  Cartridges  of  Explosive  Required  for  Mudcapping 

Boulders  of  Different  Sites 

Sandstone  date  and  timilar  soh.  Limestone  and  other    Marble,  granite,  trap 

more  easily  broken  rock  intermediate  rock       and  hard,  tou(^  rock 

I}'i2  ft.  greatest  dia.  1)^   cartridges      I ^  cartridges        2^  cartridges 
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Charges  in  mudcap  blasting  may  be  fired  by  either 
Firing  Charges     fuse  and  caps  or  by  the  electric  method.    The  advantages 

of  each  method  are  discussed  on  pages  159  to  164.  The 
electric  method  is  the  only  one  that  can  be  used  when  more  than  one  charge 
is  to  be  fired  at  the  same  time. 

The  kind  and  grade  of  explosives  best  to  use  for  mudcapping  rocks  is  one 
having  a  very  quick  action  of  great  shattering  or  disruptive  power.  The  best 
explosive  for  this  purpose  is  one  of  40%,  50%  or  60%  strength.    The  straight 

nitroglycerin  dynamites  are  a  little  quicker  in  action  than 
Kind  and  Grade  the  "  extra  "  or  ammonium  nitrate  explosives*  and  for  mud- 
of  Explosive  capping  should  be  the  first  choice.   See  page  1 53.   But  the 

ammonium  nitrate  dynamites  are  equally  powerful,  when 
of  equal  percentage  strength,  and  though  they  are  slower  in  action,  tending  to 
break  the  rock  into  larger  pieces  than  nitroglycerin  explosives,  their  work  is 
satisfactory  for  mudcapping. 

When  another  explosive  than  those  recommended  above  is  on  hand  on 
account  of  some  other  use,  it  may  be  used  for  mudcapping  with  success,  though 
its  use  may  be  more  expensive.  Almost  any  high  explosive  for  farm,  mine  or 
quarry  work,  may  be  used  in  an  emergency.  Even  the  20%  high  explosives 
that  are  best  for  soil  blasting  can  be  made  to  break  rocks  in  this  way,  though  their 
performance  will  not  be  very  satisfactory.  When  these  lower  percentage  ex- 
plosives are  used,  particularly  if  of  the  ammonium  nitrate  t3rpe,  the  quantity 
must  be  increased  greatly.  The  use  of  such  explosives  will  result  in  cracking 
the  stones  into  a  few  large  pieces  rather  than  into  many  fragments.  Whenever 
there  is  much  mudcapping  to  do  it  will  pay  to  get  the  proper  explosive.  In 
cold  weather,  use  only  the  low  freezing  grades  of  these  explosives. 

The  only  tools  necessary  for  mudcapping  are  a  shovel,  a  pocket- 
Tools      knife  and  cap  crimper,  though  an  old  dishpan  or  similar  receptacle 
and  a  water  pail  often  can  be  used  to  advantage. 

Breaking  average  sandstone  boulders  by  blasting  by  the  mudcap  method  on 
some  jobs  has  cost  fifteen  to  twenty  cents  per  cubic  yard.    Granite,  limestone, 

marble  and  trap  rock  boulders  have  been  broken  for  slightly 
Cost  and  Time     more.    Mudcapping  costs  p>er  cubic  yard  of  rock  run  up 

fast  when  the  boulders  are  very  large,  say  larger  than  6  to 
8  cubic  yards  each.  Trap  and  other  tough  rocks  are  expensive  to  mudcap. 
The  shap>e  of  the  rocks  has  much  to  do  with  the  cost  and  practicability  of  break- 
ing them  in  this  way. 

The  approximate  cost  of  mudcapping  can  be  computed  on  the  basis  of  the 
amount  of  dynamite  required  as  given  in  table  on  page  1 7.  The  time  required 
to  mudcap  rocks  is  very  little.  When  wet  ground  for  the  mudcap  is  at  hand, 
a  man  cen  have  a  stone  lying  round  in  pieces  within  10  or  15  minutes  after  he 
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geU  on  the  ground.  Many  practiced  bluters  use  no  more  than  5  minute*  for 
each  boulder. 

Three  feet  of  fuse  buma  about  a  minute  and  a  half  and  unda"  ordinary 
ccnditi<xu  is  eoou^  to  permit  the  firer  to  reach  a  place  of  safety.  If  an  electric 
blasting  machine  is  used,  the  operator  should  stand  at  least 
Suggestions  250  feet  away,  and  should  watch  for  and  dodge  any  flying  piece 
(A  rock  coining  in  his  direction.  Avoid  standing  behind  a  shelter 
that  may  let  stones  through,  as  the  branches  of  a  tree.  See  page  164  for  dis- 
cussion of  misfires. 

A  rock  will  often  break  better  if  it  is  jacked  or  pried  from  the  ground  and 
allowedtoreston  small  stones  under  the  endsorcomers.  Sometimes  odd  shaped 
rocks,  particularly  if  they  are  long,  are  broken  better  with  two  or  more  mudcap 
charges  placed  at  different  points  and  fired  simultaneously  by  the  electric 
method,  than  by  one  charge.  Usually  it  will  be  best  to  locate  such  charges  on 
opposite  ends  of  the  rock,  though  this  rule  is  not  good  every  time.  Sometimes 
one  may  be  a  mudcap  and  the  other  a  snakehole  or  undermine  charge.  Before 
pnxxeding  with  any  mudcapping,  read  the  chapter  of  this  bulletin  beginning 
on  page  152,  about  the  nature  of  explosives,  detonation,  tamping,  freezing, 
thawing,  etc 

The  result  to  be  expected  from  a  successful  mudcap  blast  is  to  break  the 
■tone  into  a  great  many  pieces,  none  of  them  too  large  to  handle.  If  a  heavy 
blast  is  used  on  a  small  brittle  stone,  half  or  more  oi  the  stone  may  be  almost 
powdered,  and  few  or  none  ol  the  pieces  may  be  much  larger  than  a  man's  fist. 
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Undermine  or  Snalt/ikole  Blotting 
To  break  a  stone  by  the  undermine  blast  method,  the  charge  of  explosive 
is  placed  against  the  under  side  or  bottom  erf  the  stone  with  the  solid  ground 
as  its  backing.    Less  explouve  is  required  than  with  a  mudcap. 
Description    since  the  confinement  is  better,  owing  to  the  earth  backing  and 
the  weight  *rf  the  stone. 
This  method  b  superior  to  mudcapping  because  less  depends  on  the  shape 
of  the  atone  under  the  ground  or  the  depth  it  is  buried,  which  are  always  hard 
to  determine  with  certainty. 


Undennining  or  snakeholing  woHu  better  when  the  stone  to  be  broken  has 
A  flat  side  down,  and  with  flat  boulders  rather  than  round  ones. 

To  shatter  a  stone  by  this  method,  as  by  other  methods,  due  attention 

must  be  given  to  the  hardness,  toughness  and  seams. 
Locating  the  Holes    as  outlined  on  pages  17  and  19. 

When  a  boulder  is  well  buried  the  first  thing  to 
do  is  to  probe  about  it  with  a  sharp  quarter-inch  steel  rod,  to  learn  the  shape 
of  the  under  side  and  the  condition  of  the  ground.  In  any  case,  the  charge  of 
explosive  should  be  placed  as  near  as  possible  underneath  the  center  of  weight 
(rf  the  rock. 

Holes  for  the  explosive  can  be  made  with  a  crowbar  and  sledge  or  with  a 
dirt  auger.    The  crowbar  likely  will  be  the  most  serviceable.    If  the  hole  is  not 

large  enou^  to  hold  all  the  explosive  required  at  the  right 
Making  Holes    point,  you  can  make  use  erf  a  scraper  to  oilarge  the  hole  at 

the  bottom.    See  page  61  for  illustration.    In  blasting  very 
large  rocks,  small  tunnels  can  be  shoveled  out. 

The  practice  of  enlarging  the  bottom  of  the  hole  by  "springing*'  with  an 
inch  or  so  of  a  cartridge  of  explosive,  is  seldom  to  be  recommended  in  undermine 
blasts  of  stones,  on  account  of  possibly  enlarging  the  cavity  too  much  and 
forming  cracks  extending  into  the  surrounding  earth. 

The  explosive  should  be  placed  as  nearly  against  the  rock  as  possible. 
When  the  rock  is  undermined  by  digging,  the  explosive  should  be  packed  in  a 

compact  bulk,  as  in  a  mudcap  charge.  If  you  get  the 
Placing  the  Charge    charge  an  inch  or  two  away  from  the  rock  with  dirt 

between,  its  breaking  effect  on  the  rock  will  be  re- 
duced. Read  the  directions  for  loading  a  hole,  on  page  28,  and  for  placing  a 
mudcap  charge  on  a  rock,  page  16. 

The  cartridge  of  powder  containing  the  blasting  cap  should  be  the  last  or  next 

to  the  last  to  go  in.   The  cap  should  not  be  against  the  rock. 

Inserting  Cap     but  if  possible  in  the  outside  portion  of  the  charge.    The 

business  end  of  the  cap  should  be  pointing  directly  toward 
the  center  of  the  charge. 

The  charge  must  be  thoroughly  and  tightly  tamped.  If  there  is  not  good 
firm  resistance  all  the  way  round  it  will  blow  the  dirt  out  from  under  the  rock 
without  doing  any  stone  breaking  at  all.  It  is  a  good  plan  sometimes  to  tamp 
the  dirt  the  whole  way  round  the  stone  before  the  charge  is  exploded.  Never 
use  a  metal  tamping  rod  in  the  hole  or  near  the  charge  of  explosive.  It  may 
strike  sparks  from  the  rock  or  from  small  pieces  of  stone,  and  cause  a  premature 
explosion. 

Firing  the  charges  may  be  done  either  by  the  cap  and  fuse  method  or  with 
electric  blasting  caps  and  blasting  machine.    Each  method  has  its  advantages 
and  adaptations  to  certain  conditions  as  fully  explained  on  pages  1 59 
Firing    to  164.    How  to  prepare  charges,  including  the  fixing  of  the  fuse  and 
cap,  inserting  and  tying  them  in  the  cartridge  of  explosive  and  other  de- 
tails, are  told  on  pages  1 42  and  151. 

The  amount  of  explosive  required  to  shatter  rocks  by  the  undermining 
method  depends  on  the  size,  shape,  toughness  and  hardness  of  the  rock.    The 

table  here  will  serve  as  a  guide.     These  figures 
Amount  of  Explosive    should  be  high  enough  for  average  tough  rock,  but 

it  must  be  remembered  that  the  amount  of  explosive 
required  does  not  always  change  according  to  the  size  of  the  rock  to  be  blasted. 
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Approximate  NanAtr  of  Pounds  of  Explosives  RequirtJ  for  Skallerinf  BoalJtn 
"  Srtakchole  "  by  UnJermine  Blasting,  per  Caiic  Yard  of  Rock. 
Sandstone,  slate  and  similar  soft  or  more  easily  broken 

rock 5ilb. 

Limestone  and  other  inteimediate  rock 1      lb. 

Marble,  granite,  trap  and  similar  bard,  tough  rock \\^  lbs. 

Some  blasters  may  prefer  a  table  based  on  the  diameter  d  the  stones. 
Such  a  calculation  can  be  used  satisfactorily,  but  in  this  case,  too,  a  great  deal 
depends  on  the  shape  4^  the  boulder. 

AppTOximde  Number  of  1^  by  &-inck  Cartridgta  of  Explosioe  Required  to 
Shatter  Boaldtra  of  Different  Sites  hy  Undermine  Blast 


ind  other 

Muble.  sramte.  Ufi  ltd 

tough  rock. 
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If  larger  sizes  are  to  be  broken. 

better  calculate  the  amount  of  ex- 
plosives  required  by  the  cul»c 
yard  basis.  Your  figures  will  be 
more  accurate.  When  rocks  are 
to  be  rolled  out  without  shatter- 
ing, comparatively  small  charges 
can  be  used.  The  following  table 
%nll  give  an  idea  of  the  amount  of 
explosive  necessary. 

Antroximate  Quantity  of  Explosioe 

Rehired  to  Roll  Out  Burled 

Boulders 

iJaf^-dit J-^  cartridge 

2H  ;;  :; h  " 

4   ■■  -  ::::::;:iH  ■■ 

5      ■■    ■' 2 

Larger  sizes  than  Usted  require 
proportionately  increased  charges. 
The  extent  to  which  the 
boulder  is  buried  and  the  nature 
of  the  ground  also  influence  the 
amnmt  of  explosive  required. 

Probably  the  most  economical  explosive  for  breaking  rock  ii 
30%  to  30%  strength  dynamite  of  either  the  nitroglycerin  c 

trate  class.    On  account  of  the  better  confinement  secured 

Kiod  and  Grade    in  this  method,  stones  can  be  broken  more  effectively  and 

of  Explosive  successfully  with  slower  and  less  powerful  explosives  than 

by  mudcai^ing.     20%  to  40%  strength  dynamite  often 


A  itiikint  ilhutntton  of  lh>  acClim  ol  ■  pcopei  m 
lina  blut.  Ths  rock  is  liftad  ■  lew  feel  ud  ciki 
it  Is  nol  thrown  fu.  Look  cloael;  and  you  cw 
>■  cncki  wb«a  iheyhti]  beciui  to  form  «c  Uia  ia 
Ibe  picloro  wms  nuds. 
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will  prove  satisfactory.  Any  atandard  strength  of  nitroglycerin,  aimncninun 
nitrate  or  gelatin  dynamite  will  do  the  work. 

To  roll  stones  out  without  breaking  them,  the  high  percentage  explosives 
can  be  used  successfully,  but  they  are  not  as  well  suited  to  the  purpose  as  the 
slower  ones,  such  as  20%  ammonium  nitrate  dynamite.  If  you  are  buying 
explosives  for  breaking  rocks,  however,  buy  those  best  suited  to  the  actual 
breaking,  and  do  the  rolling  out  of  the  stones  with  the  same  eitplosivc. 

The  tools  needed  in  snakehole  or  undermine  blasting  of  boulders  are  the 
testing  rod  or  probe  already  mentioned,  a  shovel  for  handling  dirt,  a  crowbar 
or  dirt  auger,  a  wood  tamping  rod  1}^  inches  in  diameter,  and  a  cap 
Tools  crimper.  Several  other  items  in  the  tool  list  can  be  made  use  of  to 
good  advantage  where  there  are  many  stones  to  undcmiinc.  One  is  a 
3-inch  fence  post,  to  tamp  the  ground  tigjit  about  the  edges  of  the  stone.  Another 
is  the  scraper,  for  enlarging  the  bottom  (rf  an  auger  hole. 

Undermine  or  "snakehole"  blasting  is  a  slightly  cheaper  method  than 
mudcapping  when  conditions  are  favorable.  It  is  dften  found  that  the  cost  per 
cubic  yard  increases  with  stones  smaller  than  one  cubic  yard,  and  is  very  much 
less  with  stones  containing  several  cubic  yards.  Sandstone 
Cost  and  Time  has  cost  ten  to  fifteen  cents  per  cubic  yard  to  break  in  this 
way,  and  the  other  kinds  in  proportion.  This  ia  one  of  the 
most  serviceable  and  satisfactory  methods  of  blasting  boulders.  The  cost  can 
be  calculated  by  refening  to  table  on  page  21.  Add  labor  cost  to  the  total  for 
explosives.  Sandstone  and  other  such  easily  broken  material  can  be  broken  up 
cheaply,  while  marble  and  trap  come  hi^er.  Although  the  cost  of  explosives 
is  somewhat  less  than  with  the  mudcap  method,  this  is  partly  offset  by  the 
additional  labor  required  in  making  the  holes  in  the  ground.  Ordinarily  a  man 
can  make  a  hole  and  place  a  charge  under  a  stone  in  15  to  20  minutes. 

Combinations  of  snakeholing  and  mudcapping  sometimes  are  effective 
with  stones  that  lie  on  the  surface  of  the  ground  or  are  imbedded  only  a  little. 
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To  make  use  of  the  advantages  of  such  a  combination  an  elec- 
Suggestions     trie  blasting  machine  to  produce  simultaneous  exploding  is  nec- 
essary.   It  is  not  wise  to  attempt  the  combination  of  top  and 
under  shots  when  a  stone  is  buried  deeply.    Better  roll  it  out  first. 

Two  points  of  caution  are  desirable.  Beware  of  misfires.  See  page  1 64. 
Remember  that  snakehole  or  undermine  blasting  may  throw  pieces  of  rock 
with  considerable  force  and  range,  but  the  clanger  can  be  reduced 
Cautions  to  a  minimum  if  proper  precautions  are  taken  to  see  that  every 
p>erson  and  animal  is  out  of  range  of  flying  rock  and  fragments. 
It  is  not  unusual  in  snakehole  or  undermine  blasting  to  see  pieces  of  stone 
thrown  more  than  100  yards. 

Blockholing 

This  method  of  breaking  rock  with  explosives  consists  in  drilling  a  hole 
into  the  boulder,  putting  the  explosive  at  the  bottom,  tamping  tightly,  and 
firing  in  the  usual  way.  It  is  remarkable  how  small  a  charge  of  explosive  will 
break  a  big  boulder,  even  of  the  hardest  and  toughest  kind,  when  placed  in 
this  way.  One  cartridge  of  explosive  in  a  drill  hole  1 8  or  20  inches  deep  in  a  rock 
%^11  do  more  damage  than  several  cartridges  on  the  surface. 

The  blockhole  method  of  blasting  is  the  best  way  of  break- 
Description     ing  large,  tough  boulders  that  are  not  too  hard  to  drill  and 

which  do  not  break  well  from  a  surface  blast. 
Drilling  and  blasting  in  a  similar  way  is  nearly  always  the  only  practicable 
method  of  blasting  ledge  rock. 

The  nature  of  the  rock  has  a  good  deal  to  do  with  the  point  at  which  it  is 
best  to  place  the  explosive.    Ordinarily  it  will  be  found  that  the  charge  should 

be  located  somewhere  near  the  center  of  the 
Character  of  Rock  and  boulder,  though  different  kinds  of  rock  require 
Placing  of  Explosives       different  depths  of  holes.    A  brittle  rock  which 

does  not  split  well  and  a  tough  rock  such  as  trap, 
must  be  drilled  deep  in  order  to  break  it  right,  while  a  shallow  hole  will  give 
satisfactory  results  in  a  rock  which  is  easy  to  split,  or  which  crumbles  apart 
like  slate. 

A  rule  that  may  be  applied  to  all  rock  is  that  the  deeper  the  drill-hole, 
down  to}/^OT  ^/5  the  way  through  the  rock,  the  less  explosive  will  be  required, 
and  the  greater  will  be  the  execution  of  the  blast.  In  boulders  that  are  very 
hard,  and  so  big  that  they  require  a  large  charge,  it  once  in  a  while  pays  to  drill 
a  very  small  hole,  and  then  spring  this  hole  at  the  bottom  by  exploding  at  that 
point  a  small  charge  of  explosive,  using  no  tamping.  Such  a  practice  will  be 
needed  rarely  in  boulder  blasting,  though  it  is  often  useful  in  blasting  out  ledges. 

Holes  may  be  drilled  by  one  man  alone,  or  by  two  or 
Drilling  Facts    more  men.    One-man  drilling  usually  is  the  cheapest  when 

holes  are  made  by  hand.  The  drilling  can  be  done  with 
ordinary  hand  hammer  drills,  with  chum  drills  (finishing  deep  holes),  or  with 
machine  drills. 

A  hand  drill  is  just  a  straight  piece  of  drill  steel,  which  is  medium  hard 
and  very  tough,  with  one  end  shaped  into  a  proper  cutting  bit.    This  bit  is  H 

to  ^  or  more  wider  than  the  shank  of  the  drill,  with  the 
Hammer  Drills    cutting  edge  somewhat  rounded  up  to  the  comers  and 

sharpened  in  the  form  of  a  "v,"  the  angle  of  which  should 
be  long  and  thin  or  short  and  thick,  according  to  the  kind  of  rock  to  be  drilled. 
In  soft  rock  use  a  long  thin  cutting  edge;   in  hard  rock  a  short,  thick  edge, 
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You  can  buy  drilU  of  different  lengths  and  diameters  from  mine  supply 
houses  or  hardware  dealers  anywhere.  «0r  you  can  buy  the  steel  from  hard- 
ware stores  and  make  them.  Drill  steel  comes  in  ^-inch,  ^-inch  and  other 
diameters,  in  bars  up  to  20  feet  long.  If  you  plan  to  make  your  own  drills,  be 
sure  to  have  on  hand  a  good  length  of  it,  for  even  if  you  have  only  a  dozen 
boulders  to  blast  you  will  need  several  drills  as  they  require  sharpening  fre- 
quently. 

If  one  man  is  to  do  the  drilling,  the  hand  hammer  should  weigh  3  or  4 
pounds;  if  two  men,  8-pound  sledges  are  about  right.  All  hammers  should,  of 
course,  be  flat  faced.  The  drill  should  be  turned  about  H  of  a  revolution  at 
each  stroke  of  the  hammer  so  as  to  keep  the  hole  round.  The  more  regularly 
'  this  is  done  the  nearer  true  the  holes  will  be  and  the  faster  the  bit  will  cut. 
The  holes  can  be  started  with  a  short  drill— say  8  or  1 0  inches  long — easier  than 
with  a  long  drill. 

The  r^t  diameter  for  a  hole  in  a  boulder  usually  will  be  about  one  inch. 
It  is  well  to  keep  the  hole  as  small  as  possible,  for  it  takes  a  good  deal  longer 
to  drill  a  big  hole  than  a  small  one.  For  instance,  it  takes 
Size  of  Holes  about  four  times  as  long  to  drill  a  2-inch  hole  as  one  an  inch 
in  diameter.  If  the  I -inch  hole  will  contain  enough  explosive 
it  should  be  the  size  selected.  But  it  must  be  remembered  that  as  the  hole 
goes  down,  the  ears  of  the  drill  bit  will  wear  off  and  the  hole  wil!  grow  smaller, 
so  that  in  hard  rock  it  is  well  to  start  a  hole  that  is  to  go  deeper  than  a  foot  or 
so,  with  a  drill  ]/i  inch  larger  than  is  wanted  at  the  bottom.  In  boulders  con- 
taining more  than  6  or  6  cubic  yards  of  material  it  is  best  to  drill  inch  or  inch 
and  a  quarter  holes. 

The  holes  should  be  kept  wet  by  pouring  in  water  as  the  drill  goes  down. 
In  this  condition,  the  drill  cuts  much  raster  than  in  dry  holes.  It  is  necessary 
to  keep  the  holes  clean.  The  sludge,  as  the  ground-up  rock  is  called  when 
mixed  with  water,  can  be  taken  out  with  a  scraper  which  is  shaped  somewhat 
like  a  very  small  garden  hoe,  or  with  a  spoon  rod,  which  is  a  small  wood  rod 
with  a  disc  of  tin  on  each  end.    The  discs  should  be  of  dilferent  sizes,  and  at 
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one  point  they  should  be  cut  to  the  center  and  one  of  the  cut  edges  bent  down, 
80  that  when  the  rod  is  revolved  in  the  bottom  of  the  hole  the  edge  will  scoop 
up  some  (rf  the  sludge. 

Another  good  way  of  cleaning  out  holes  is  to  use  a  spiral  hook,  or  drag 
twist,  like  an  old-fashioned  rifle  cleaner.  Rags  or  hay  can  be  used  on  this  to 
wipe  the  hole.  A  hickory  or  willow  stick  with  the  end  split  into  many  small 
pieces,  or  broomed,  is  also  a  good  thing  for  getting  dirt  out.  When  this  is  dipped 
in  the  sludge,  the  material  sticks  to  it,  and  can  be  lifted  out  and  knocked  off 
against  the  outside  of  the  stone. 

A  leather  or  rubber  washer,  or  some  old  rags,  should  be  fixed  round  the 
drill  just  above  the  level  of  the  stone,  to  prevent  the  sludge  and  dust  from  fly- 
ing up  into  the  face  of  the  driller.  This  is  particularly  necessary  when  chum 
drilling. 

A  chum  drill  is  a  piece  of  drill  steel  from  5  to  6  feet  long,  often  having  bits 
at  both  ends.  It  is  used  without  a  hammer — a  man  raises  and  drops  it  into 
^  the  hole.    Holes  cannot  well  be  started  with  it.    It  will  cut 

Chum  Drills    holes  faster  than  a  hammer  drill  under  favorable  conditions, 

but  owing  to  the  way  it  is  worked  its  use  should  not  be  at- 
tempted in  holes  less  than  6  or  8  inches  deep.  For  deep  holes  and  in  soft  rock 
it  certainly  should  be  considered.  A  good  chum  drill  for  I  -inch  holes  should 
weigh  about  10  pounds. 

Bits  should  be  kept  sharp,  for  dull  drills  do  only  a  fraction  of  the  work 
they  should.    To  sharpen  bits  costs  about  five  cents  each.    It  may  be  done  in 
a  blacksmith  shop  or,  in  emergencies,  with  a  file  or  on  an  emery-wheel  or  grind- 
stone.   They  should  be  made  as  sharp  and  hard  as 
Sharpening  Drill  Bits    they  can  be  used  in  the  rock  to  be  cHUed  without 

either  dulling  too  fast  or  chipping.  The  angle  of 
bevel  that  is  best  generally  will  be  about  90  degrees  for  hard  rock  and  45  to  60 
degrees  for  soft  rock.  Your  blacksmith  will  give  you  the  proper  kind  of  bevel 
if  you  give  him  the  necessary  information.     Good  drill  steel  is  not  tool  steel. 

Before  attempting  to  sharpen  a  drill  the  shape  of  a  new  bit  should  be 
observed.  Heat  the  drills  to  cherry  red,  and  do  not  hold  them  long  at  that 
temperature.  Work  to  get  them  hot  without  delay,  then  take  them  out  of  the 
fire  promptly  for  dressing. 

The  bit  should  be  hammered  to  shape  on  the  anvil,  with  the  shank  of  the 
drill  held  so  that  it  has  1  foot  rise  to  2  feet  of  length.  You  likely  can  use  a  file 
to  advantage  to  help  shape  the  edge,  while  the  steel  is  hot.  When  the  bit  is 
shaped,  it  is  ready  to  be  put  back  into  the  fire  and  reheated  for  tempering. 

The  tcii4)ering  should  be  started  when  the  steel  is  at  a  temperature  of  430 
degrees  F.    You  can  tell  the  temperature  by  the  shade  of  the  surface  or  color 

film  that  forms  on  the  surface  as  the  steel  is  being  heated. 
Tempering  Drills    When  the  bit  has  been  heated  slowly  until  the  surface 

has  nearly  a  cherry  red  shade,  take  it  from  the  fire  and 
hold  it  in  the  air  till  it  gets  a  very  pale  yellow.  Rub  it  on  a  stone  to  remove 
the  scales  so  the  color  can  be  seen  uimustakably.  If  it  seems  to  take  too  long 
to  reach  this  color  in  the  air,  plunge  it  into  the  water  and  out  again  at  once  to 
start  the  cooling.  Then  watch  the  colors  by  standing  in  a  dark  comer.  They 
should  advance  parallel  to  the  edge.  If  they  don't,  hold  the  hot  comer  or  side 
in  the  water  an  instant  to  even  up  the  entire  bit.  As  soon  as  the  very  pale 
yelbw  color  is  noticed,  stick  the  bit  into  cool  water  and  leave  it  there,  stirring 
it  about  till  most  of  the  heat  has  left  the  steeL 
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Temperatures  d  the  steel  that  are  indicated  by  the  colors  are  as  follows: 

Very  pale  yellow 430  degree*  F, 

Straw  color 470 

Brown 490 

Purple 530 

Full  Blue 560 

Dark  Blue 600 

Cherry  Red 900 
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The  time  in  which  two  men  with  hand  drills  can  niake  holes  in  rock  can  be 
told  best  by  stating  the  number  of  minutes  it  takes  per  inch  of  hole  in  different 
kinds  of  rock.    For  beginners,  when  two  men  are  drilling  holes  an  inch  in  di- 
ameter in  rock  such  as  sandstone,  about  23^  to  3  minutes  per  inch  in  depth  is 
required;   in  limestone  3  to  33^  minutes;   in  granite  4 
Time  for  Drilluig     minutes;   in  mica  schist  5  minutes;    in  marble  and  trap 
rock  6  to  8  minutes.     Single  hand  drilling  (one  maiO 
proceeds  about  two-thirds  as  fast,  except  that  in  soft  rock  the  rate  is  upwards  of 
three-fourths  as  fast  and  in  very  hard  rock  only  half  as  fasL     These  figures 
change  greatly  according  to  the  experience  of  the  workers  and  the  condition  of 
the  sandstone,  limestone,  granite,  schist,  marble  or  trap  rock  that  is  drilled. 
Machine  drilling  is  very  much  faster  than  hand  drilling,  and  much  cheaper 
where  there  is  enough  drilling  to  do  to  justify  the  pur- 
Machine  DriUing     chase  of  an  outht.    Since  there  are  many  owners  of  large 
acreage  ^ich  requires  clearing,  also  many  contractors  in 
stump  and  stone  removing  who  will  use  this  handbook,  some  of  the  data  aboot 
machine  drilling  will  be  useful. 
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In  clear  rock,  or  rock  not  checked,  machine  drilling  is  3  to  1 5  times  as  fast 
as  hand  drilling.  In  some  sandstone  it  is  possible  to  go  down  at  the  rate  of  a 
foot  in  5  minutes  (instead  of  an  inch  or  two  as  in  hand  drilling);  and 
Speed  in  trap  rock  at  the  rate  of  a  foot  in  10  or  12  minutes.  In  limestone 
the  rate  is  even  faster  than  in  some  blue  sandstone,  there  being  records 
of  instances  where  a  foot  has  been  drilled  in  3  minutes.  Hard  granite  and  flinty 
rock  often  drills  at  the  rate  of  a  foot  in  about  7  minutes. 

Blockhole  blasting  is  more  economical  than  undermining,  the  cost  depend- 
ing partly  on  how  difficult  the  rock  is  to  drill.    Blockboling  requires  a 
Cost     smaller  amount  of  explosive  and  larger  amount  of  labor  and  time  than 
mudcapping  or  "  snakeholing." 
The  cost  of  machine  drilling  usually  is  much  lower  than  of  hand  drilling — 
often  it  is  about  one-fourth  or  one-third,  of  course  not  including  depreciation 
or  interest  on  the  cost  of  the  outfit.     This  is  much  or  little  per  foot  of  hole 
drilled,  according  to  how  steadily  the  outfit  is  used.     It  may  amount  to  only  a 
fraction  of  a  cent,  or  it  may  rvn  the  total  cost  up  higher  than  that  of  hand 
drilling. 


n-  can  be  broksn  into  pi 


There  are  two  types  of  machine  drills  operated  by  steam  or 

Mftchines     compressed  air — the  small  jack  hammer  type  and  the  large  tripod 

drill.     The  jack  hammer  drill  is  the  best  type  of  machine  for  use  on 

boulders.    Jati  drills  are  portable  and  easily  handled.    Tripod  drills  are  heavy. 

The  tools  needed  in  blockhole  blasting,  aside  from  drills 

Other  Tools     and  hammers,  are  a  pocket  knife  for  cutting  (use  or  scraping 

wires,  a  cap  crimper  and  a  wood  rod  for  tamping.    Crowbars 

are  often  useful, 


The  kinds  and  grades  of  explosives  that  can  be  used  for  blockhole  blasting 
are  many.  In  fact,  rock  can  be  broken  by  this  method  with  almost  any  blast- 
ing explosive.    But  certain  facts  should  be  understood  by  blasters.    One  is 

that  the  use  of  a  high  strength  quick-acting  explosive, 
Kinds  and  Grades  such  as  50%  or  60%  dynamite  will  shatter  rock  into 
of  Explosives  small  pieces,  while  the  use  of  slower  explosives  such  as 

20%  strength  will  crack  and  split  it  into  larger  pieces. 
Ammonium  nitrate  dynamites  are  considered  somewhat  superior  to  nitro- 
glycerin explosives  for  this  purpose.  For  the  ordinary  breaking  of  boulders 
into  pieces  small  enough  to  handle  easily,  there  is  nothing  better  than  20%  to 
40%  ammonium  nitrate  djrnamite. 

In  blasting  in  quarries,  5  tons  of  rock  often  are  brou^t  down  per  one 

pound  of  explosive.  It  is  difficult  to  maintain  this 
Amount  of  ratio  in  the  field,  unless  it  be  with  very  large  rocks,  or 

Explosive  Required    ledges  with  an  open  or  free  face.     Small  boulders 

often  require  more  oiplosives  per  cubic  yard  than 
large  ones.  The  shape  of  the  boulder  is  also  an  important  point,  so  the  follow- 
ing tables  can  only  be  considered  as  approximate. 

Approximate  Number  of  Pounds  of  Explosives  Required 

to  Break  Boulders  by  the  Blockhole  Method, 

per  Cubic  Yard  of  Rock 

Sandstone  and  other  more  easily  broken  rock M  ib. 

Limestone  and  other  medium  rock fi  lb. 

Marble,  trap  and  similar  hard,  tough  rock H  ^b. 

Figuring  on  the  basis  of  the  diameter  of  the  stones  and  the  number  of 
cartridges  of  explosives  required,  the  tabulation  is: 

Approximate  Number  of  Cartridges  of  Explosive  Required  to 
Break  Boulders  of  Different  Diameters 

Saxidstone,  Slate  and  Limestone  and  Marble,  Granite,  Trap, 

similar  easily  broken  other  medium  and  similar  hard, 

rock  rock  tough  rocks 

1 3^2  ft-  dia.     14  cartridge  3^-^  8  cartridge  3^  cartridge 

78  n  h 

3  41  4«  1  y  «(  1    /  It  «  t« 

4  "     "I  "  ji^  "  2 

5  '*      "    |i/2       "  2  "  3 
7     "      ••    6          "               8               ••              10 
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Often  from  experience,  an  observant  man  will  learn  just  how  much  ex- 
plosive is  required  to  crack  a  stone  and  lay  it  apart  without  excessive  throwing 
of  pieces,  danger  and  waste  of  explosives. 

All  water  should  be  wiped  out  of  the  holes.  If  the  holes  are  smaller  than  the 
cartridges  of  explosive  the  paper  wrapping  of  the  sticks  will  have  to  be  removed 

and  the  explosive  pressed  into  the  hole  so  that  there  are 
Loading  Charges    no  air  spaces.    The  cap  should  be  placed  in  the  charge 

near  the  top.  Tamping  of  damp  or  wet  clay  or  other 
earth  should  be  placed  solidly  over  the  explosive  to  the  mouth  of  the  hole. 
Results  of  the  blast  with  the  smallest  charges  will  be  poor  unless  there  is  at 
least  6  or  7  inches  over  the  powder. 
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TWe  iiring  of  bloclchole  charges  may  be  done  either  with  fuse  and  cap  or 

by  the  electric  method.     If  more  than  one  charge  is  to  be  fired,  the 

Filing     electric  method  will  enable  you  to  put  them  all  off  at  once.    Electric 

firing  is  of  much  advantage  in  blasting  out  ledges,  and  also  in  firing 

the  very  small  charges  sometimes  used  to  break  stone  to  certain  dimensions. 

Sometimes  what  may  be  called  a  "semi-mudcap"  blast  can  be  used  in 

very  hard  stone,  or  in  stones  that  are  difficult  to  drill.    Drill  a  hole  into  the 

stone  for  3  to  8  inches,  fill  with  explosive,  let  the  rest  of  the  charge  of  explosive 

pile  up  on  top  of  the  rock  as  you  would  a  mudcap  charge,  in  a  low  cone  with 

steep  edges.    Cover  this  with  6  inches  or  more  of  wet  clay. 

Boulders  that  are  buried  may  be  thrown  out  of  the  ground  before  they 

are  blockhole  blasted.    When  the  earth  is  supporting  them  on 

Suggestions     all  sides  they  may  not  break  quite  as  well.     EMgging  round 

them  or  raising  them  off  the  ground  with  a  jack  or  pry,  and 

letting  them  rest  on  small  stones  placed  under  the  ends  or  comers,   helps  to 

break  them  up  better. 

Blasting  in  drilled  botes  is  practically  the  only  method  that  Is  effective  in 
breaking  up  ledges  of  rock,  either  underground  or  above  the  surface.  Drill  a 
line  of  holes  along  back  of  the  edge  or  face  of  the  ledge 
Breaking  Ledges  above  the  surface.  It  is  not  necessary  to  dig  or  blast 
away  the  dirt  from  a  ledge.  The  quantity  of  explosive 
required  can  be  gauged  by  the  table  giving  the  amount  to  use  per  cubic  yard 
d  rock.  Use  half  again  as  much  explosive  in  a  ledge  blast  as  in  a  boulder. 
Measure  the  distance  from  the  open  side  or  face  of  the  ledge  back  to  the  drill 
holes,  and  compute  the  nimiber  of  cubic  yards  that  should  be  broken  off. 

Ordinarily  on  farms  or  in  roads  it  is  desirable  to  break  up  ledges  to  a  depth 
of  about  2  feet  below  the  surface.  To  do  this  the  holes  shoulcl  be  put  down 
sli^tly  more  than  2  feet  and  ^lould  be  located  2  or  3  feet  back  from  the  face 
of  the  ledge.    To  break  ledges  deeper,  drill  deeper  holes  farther  back  from  the 


[ace  and  charge  heavier.  The  deeper  holei  can  also  be  farther  apart.  Two- 
foot  holes  usually  can  be  5  feet  apart  in  soK,  brittle  shale  and  slate,  4  feet  apart 
in  limestone,  and  3  feet  apart  in  harder  material.  The  spacing  between  the  holes 
should  be  about  the  same  as  their  distance  back  from  the  face.  The  details  erf 
charging  holes,  drilling,  tamping,  firing,  etc.,  that  have  been  given  for  boulder 
blasting  apply  equally  to  ledge  blasting. 

Blockhole  blasting  is  perhaps  the  most  efficient  method  of  breaking  rock 
that  is  known,  and  from  it  you  can  expect  perfect  results.    If  you  use  a  proper 

charge  oi  a  quick  explosive,  the  rock  will  be  shattered 
Results  to  Expect    into  small  pieces.    If  you  use  a  slow  explosive,  the  rock 

will  be  broken  into  larger  pieces.  In  any  case,  the  use 
of  the  charges  recommended  here  will  result  in  the  satisfactory  breaking  up  of 
any  rocks  you  may  have  to  deal  with. 
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General  Considerations 

The  information  on  boulder  blasting,  and  particularly  on  the  breaking  of 
Jedgcs  of  rock,  applies  to  quarrying  limestone  or  road  material,  gravel,  etc. 

In  quarrying,  it  is  better  to  drill  larger  holes  than  one   inch. 
Quarrjdng     Proper  loading  in  inch  and  a  half  holes,  drilled  to  depths  of  6  or 

8  feet,  and  5  or  6  feet  back  from  the  edge  of  the  quarry  ledge  will 
loosen  large  quantities  of  rock. 

It  does  not  pay  to  dig  hard-set  gravel  or  sand  by  hand,  for  in  such  material 
the  holes  are  easy  to  drill,  and  comparatively  small  charges  of  explosive  will 
k>osen  great  quantities.  For  quarrying  use  40%  ammonium  nitrate  explosive 
unless  the  rock  is  wanted  in  large  pieces,  when  20  %  ammonium  nitrate  grades 
will  be  better.  For  the  semi-rock,  hard  gravel,  etc.,  use  20%  explosive,  the 
granular  powder  known  on  the  market  as  R.R.P..  or  if  the  work  is  dry,  black 
blasting  powder. 


Emphasis  should  be  placed  on  the  possibility  of  using  e3[plosive8  as  a  labor 
substitute.  To  illustrate,  take  the  disposal  of  a  4-foot  sandstone  boulder.  To 
drill  this  with  an  inch  hole  32  inches  deep  would  require  about  1^  hours,  or 
slightly  less,  for  two  men.    But  one  man  can  smash  the  same  boulder  within 

10  minutes  by  placing  a  proper  mudcap  blast.  In  the 
Explosives  as  a  first  case  the  breaking  of  the  boulder  is  achieved  with 
Labor  Substitute     greatest  economy  in  total  outlay,  but  in  the  latter  case 

it  is  broken  by  one  man,  and  broken  without  interfering 
seriously  with  other  work.  On  many  farms  there  is  so  much  to  do  and  men  are 
so  scarce  that  to  take  the  \}/^  hours  for  the  boulder's  removal  is  out  of  the 
question,  and  the  boulder  remains  in  the  field — ^unless  it  can  be  broken  up  with 
little  labor  and  loss  of  time. 

When  a  boulder  that  is  nearly  all  buried  is  rolled  out  and  blasted,  there 
likely  will  be  room  in  the  hole  for  many  of  the  large  pieces,  deep  enough  to  put 

them  all  below  the  plow  line,  but  it  is  not  well  to  bury 
Disposal  of  Pieces    pieces  larger  than  6  inches  in  diameter,  as  the  broken 

rock  will  be  valuable  for  building  purposes,  for  road 

making,  lining  ditches,  etc.,  and  should  be  kept  in  the  stone  pile  until  needed. 

It  costs  about  35  cents  -a  cubic  yard  to  haul  pieces  of  stone  away,  figuring 

on  the  average  haul.    Solid  rock  of  average  density  weighs  about  2  tons  to  the 

cubic  yard  and  loose  material  as  it  falls  weighs  about  1^  tons  to  the  cubic 

yard.    It  is  better  to  put  a  stone  rack  on  a  weigon  if  a  wagon  is  used. 

TTflwIing     Such  a  rack  can  be  made  of  2  or  3  inch  plank.    To  get  heavy  pieces 

of  stone  on  the  wagon,  use  planks  to  skid  or  roll  them  up.    If  the 

pieces  are  very  heavy,  use  a  "stoneboat"  instead  of  a  wagon.    It  is  better  for 

short  hauls  because  it  saves  so  much  lifting.    An  average  load  of  stone  is  about 

a  ton  and  a  half,  and  two  men  will  handle  this  in  about  half  an  hour,  including 

loading  and  unloading. 

The  holes  from  which  boulders  have  been  taken  should  be  filled  level,  to 
avoid  a  low  place  in  which  water  will  gather  during  wet  weather.    To  fill  the 

depressions,  a  horse  dreig  scoop  such  as  is  used  in  excavating 
Filling  Holes     dirt  is  a  useful  thing.    If  this  is  not  available,  a  good  thing  to 

use  is  an  ordinary  road  drag,  or  a  split  log.  By  standing  on 
the  drag  or  log  it  can  be  made  to  gather  a  lot  of  ground,  and  the  dumping  can 
be  done  by  taking  off  or  shifting  your  weight. 

In  addition  to  various  tools  described  under  the  separate  headings  on 
methods,  blasters  of  boulders  will  find  a  heavy  crowbar  and  an  iron  wedge  to 
be  useful  at  times  for  prying  apart  pieces  of  rock.    Some  blasts  will  be  found 


Steel  bar  for  making 
holes. 


Sofl  anger — note 
long  point. 

not  quite  heavy  enough  to  throw  the  stones  apart, 
Tools  and  Appliances    though   they   will  crack  the   rocks   through   and 

through.  These  stones  can  be  reduced  with  a  sledge, 
but  a  little  prying  will  accomplish  more  than  a  whole  lot  of  hard  hammering. 
If  the  bar  cannot  be  forced  into  the  crack  use  the  wedge  and  sledge  it  in.  Be 
careful  that  the  wedge  does  not  strike  solid  rock  at  a  bed  or  joint  line  running 
at  right  angles.  The  wedge  should  be  a  slim  piece  of  tough  steel,  6  inches  long 
and  an  inch  or  two  thick  at  the  base. 
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The  best  tamping  nuterial  is  damp  clay.  Tamp  the  hole  full,  while  worlditg 
in  the  tamping  with  the  stick  in  one  hand,  hold  the  fuse  or  the  electric  wires 
out  of  the  way  with  the  other  hand.  It  is  easy  to  damage  fuse 
Tamping  and  wires  by  breaking  the  inuilation  with  a  pebble,  or  with  the 
edge  of  the  tamping  rod.  It  is  also  easy  to  pull  the  cap  out  of  the 
primer  charge  unless  the  fuse  or  wires  are  held  firmly  against  the  rock.  Many 
mishres  are  due  to  carelessness  at  this  point. 

In  lighting  a  fuse,  stick  the  flaring  head  of  a  burning  match  right  against 
the  powder  in  the  end.  See  page  1 59.  This  will  work  in  any  wind.  The  fuse 
always  gives  a  pronounced  spit  as  soon  as  it  is  lighted.  Do  not  leave  before  the 
sparks  and  smoke  begin  to  spit  out  regularly. 

It  may  be  safe  to  stand  100  to  130  yards  away  from  a  blast  that  is  not 
overloaded,  but  this  is  a  matter  which  each  blaster  will  have  to  decide  for 
himself.  Much  depends  on  the  proportion  of  the  charge  to  the  boulder,  its 
location,  and  whether  the  stone  is  solid.  The  right  charge 
Flying  Pieces  will  not  throw  stone  far,  but  a  charge  that  is  too  heavy, 
or  in  the  wrong  place,  will  throw  large  pieces  for  long 
distances.  In  fact,  this  is  <me  of  the  ways  in  which  you  can  tell  whether  or  not 
you  are  using  too  much  explosive.  In  any  case,  to  be  safe,  keep  an  eye  on  the 
blast  and  dodge  any  flying  fragments  coming  your  way. 

Use  every  care  to  keep  everybody  beyond  the  range  of  danger.  The  man 
who  fires  the  charge  should  keep  his  eyes  open  for  stones  coming^down  several 
seconds  after  the  blast  and  at  distances  100  yards  or  farther  away. 

They  are  dangerous.     See  page  164  for  discussion  of 
Watch  Misfires    thnr  cause  and  remedy. 
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CLEARING   LAND   OF   STUMPS 
To  Clear  or  not  to  Clear 

A  "stump"  may  be  defined  as  any  kind  of  a  growth  that  obstructs  land, 
whether  it  ii  the  butt  of  a  cut  tree,  a  tall  snag,  a  living  tree  or  a  bunch 
of  sprouts  or  brush.  From  the  viewpoint  of  a  fanner  it  is  a  stump  if  it  ob- 
structs the  plowing  and  other  tillage  oi  the  land. 


tlw  uTt  of  wKckace  pnctiuilly  pcrfecl  ihimp  bUiImc  ihnuld  fJTe.    The  picwi  tie  atuttercd  so  they 
■re  euy  to  handle  uid  so  they  bimi  well. 

Before  deciding  to  dear  land,  the  owner  should  consider  several  features 

of  the  matter  well.    The  reckless  slaughtering  of  the  timber  has  left  in  stumps 

many  thousands  of  acres  of  land  which  is  not  fit  for 

cultivation  and  that  should   go  back  into   timber. 

When  Not  to  Clear      Such  land,  of  course,  should  not  be  cleared.    On  the 

other  hand  it  is  folly  to  pennit  brush  land  which  has 

good  soil  to  lie  idle  when  a  hundred  years  will  riot 

develop  profitable  timber  on  it. 

Much  land  that  is  in  woods  now  should  be  left  so,  for  timber  and  for  fuel. 
Every  farm  should  have  its  timber  tract,  where  the  forest  is  conserved  in  a 
way  to  make  it  permanent.  To  cut  young  growth  that  will  make  good  timber 
in  a  reasonable  time  is  a  mistake,  no  matter  how  good  the  soil  is.  Remember, 
too,  the  wind-break  value  of  a  piece  of  woods  adjoining  farm  land,  and  consider 
the  effect  on  land  you  now  farm  of  taking  away  the  protection  afforded. 

Do  not  clear  land  where  the  soil  is  too  stony  to  be  cultivated  to  advan- 
tage, or  land  that  is  exceptionally  steep  or  incurably  swampy.  Do  not  clear 
when  the  profits  would  not  justify  the  clearing.  And  do  not  clear  when  you 
can  buy  equally  good  improved  land  for  less  than  the  cost  of  clearing. 

There  is  a  certain  sentimental  satisfaction  in  clearing  and  cleaning  up 
one's  own  place,  connecting  fields  and  improving  it  generally,  even  though 
■uch  improving  will  not  add  greatly  to  the  actual  money  income  from  the 
crops.    This  will  have  a  bearing  in  some  instances. 

But  hard-headed  judgment  should  not  be  swayed  too  much  by  sentiment, 
(or  there  are  a  good  many  thousands  of  acres  that  have  been  cleared  and  now 
are  parts  of  farms,  which    it   would    be   wise    and   profitable  to  plant  to 


forest  again.  Lay  out  your  clearing  carefully.  Include  no  comers,  gulliet  or 
iteep  places  you  will  afterwards  neglect.  And  make  sure  your  field  is  rightly 
plac^  in  relation  to  the  rest  of  the  farm. 


About  new  clearing  there  may  be  some  question,  but  about  taking  out 
stumps  in  good  cultivated  land  there  can  be  none.  There  are  stumps  in  fields 
and  along  fences,  roads,  hedges  and  on  home  grounds.  There  are  pastures 
that  are  pastures  and  not  wheat  fields  or  orchards  because  cultivation  among 
the  stumps  is  too  inconvenient.  There  are  old  fruit  trees  and  old  shade  trees 
that  are  diseased  and  a  menace.  All  these  should  come  out,  and  the  quicker 
they  come  out  the  better. 


The  Profit  and  Loss  Account  of  Stumps 

The  man  who  is  taking  up  the  fanning  d  cut-over  land  knows  that  he 
cannot  do  much  until  the  stumps  are  removed.  But  lest  he  be  tempted  to 
pennit  some  of  them  to  remain  in  the  cultivated  fields,  as  many  men  on  c^der 
luTOS  are  doing,  it  is  well  to  point  out  some  of  the  losses  which  stumps  cause 
and  some  of  the  gain  which  their  removal  brings. 

No  farm  is  well  ordered  when  its  fields  are  foul,  and  no  farmer  commands 
the  respect  of  his  neighbors   when  stumps  are  crowding  out 
his  crops.   The  loss  in  self -respect  probably  is    even   more 
Appearance      serious. 

In  farming  stumpy  fields  a  man  does  not  have  that  sense 

of  having  done  his  best,  which  is  half  the  battle  for  success. 

Tool  breakage  is  another  source  of  loss  caused  by  stumps.     Plows  and 

furrows  ere  broken,  mowing  machines  and  binders  are  both  broken  and  racked 

and  in  some  cases  the  use  of  machinery  is  prevented.    Heavy  engine  tools 

caimot  be  used  at  all  where  there  are  roots  in  the  ground. 

Greater  speed  and  ease  of  cultivation  is  a  prime  reason  for  taking  out 
stumps.     The  use  of  gang  plows,  wide  harrows  and  other  modem  labor-  and 


time-saving  equipment  and  methods  is  practical  and  economical  only  on  land 
that  is  clean,  both  above  and  below  the  surface.  And  such  use  is  becoming 
of  more  and  more  importance,  as  farm  wages  go  higher  and  labor  becomes 
scarcer. 

The  injury  to  horses  often  is  much  greater  from  a  money  standpoint. 
Spavins  and  sprains  result  from  jerks  against  roots.  Mares  are  caused  to  slink 
foals,  young  horses  are  made  balky.  The  danger  of  injury  to  men  is  by  no 
means  absent.  The  kick  of  plow  handles  rupture  many  men,  and  every  year 
sees  its  quota  of  broken  arms  and  legs  among  farmers  who  try  to  plow,  culti- 
vate or  mow  among  stumps. 

Weed  spread  is  a  thing  that  must  be  charged  up  to  stumps.    They  grow 
about  the  stumps,  mature  seed  and  pollute  the  whole  farm. 
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Juit  u  the  prcKnce  cS  stun^M  tendi  to  lower  the  value  of  Und  and  to 
keep  it  down,  clearing  off  the  itumpi  will  raise  it  and  keep  it 
on  the  increaK.    Once  itart  to  clearing  away  the  stumps  on 
iDcreased        your  place  and  the  ncighhors  and  people  who  past  on  the  roadi 
Production      will  take  it  for  granted  that  the  place  is  «  paying  proposition, 
worth  developing.    If  you  want  to  sell  it,  there  is  no  surer  way 
(A  adding  a  tew  hundred  or  a  few  thousand  dollars  to  the  sell- 
ing price.    To  hold  stump  land  for  increase  in  value  it  a  mistake.    Oear  it  up 
andfytce  (he  Increase. 

The  actual  gain  in  crops  to  be  secured  by  the  removal  of  stumps  can  be 
measured  by  the  proportion  of  the  total  ground  that  they  occupy.  For 
instance,  in  many  cases  a  stump  takes  up  a  square  rod  of  ground.  In  meaS' 
uring  the  value  of  the  removal  of  stumps,  the  gain  in  crops  and  in  speed  and 
ease  of  working  the  ground  should  be  compared,  not  with  the  total  value  of 
the  crop,  but  with  the  net  profit  before  rtumps  are  removed.     Thus,  if  a 


Thii  ii  ths  typlul  ippeuwue  ol  m 

tt,y  taudiomelr  if  In  alfdfi 

23-bushel  crop  of  wheat  costs  20  bushels  to  grow,  the  addition  of  5 
bu^ls  to  the  yield  will  increase  the  net  profit  100  per  cent.  Two  dozen 
(tumps  to  the  acre  may  occupy  such  a  large  part  of  the  acre  that  their 
removal  will  double  the  net  profit. 

The  clearing  up  of  land  can  be  made  to  mean  something  more  than  the 
financial  profit  it  brings,  for  when  properly  handled  it  well  can  be  made  one 
of  the  links  that  hold  the  boys  to  the  fann.  Once  a  boy  has  helped  to  develop 
a  property  in  a  way  that  he  enjoys  he  will  remember  that  place  as  home  aa 
long  at  he  lives.  And  boys  will  be  enthusiastic  over  the  clearing  operations, 
with  the  necessary  planning  for  new  fields,  the  blasting  and  stump  pulling, 
and  the  burning  afterwards,  if  the  work  is  managed  along  some  of  the  newer 
lines  which  take  out  the  drudgery. 

The  Essentials  of  Good  Stump  Removing 
Before  settling  on  a  plan  for  removing  stumps,  it  is  well  to  have  clearly 
brfore  you  just  what  is  required. 


The  atutt^M  onut  come  out  entirely,  or  at  least  dcqi  enough  to  that  roots 
never  will  catch  plows  or  other  implements.  Stumps  with  roots  mutt  be  dis- 
posed of  as  pr(jitably  as  possible,  used  if  possible,  or  burned  cheaply.  They 
often  can  be  sold  or  used  at  home  for  firewood  of  some  kind,  or  told  for  extract 


cliu(«  each.    Tber  ue  almoat  inpoMibla  to  poll  >c 

purposes.  Failing  this,  they  mutt  be  burned  on  the  ground  with  as  little  dam- 
age  to  the  toil  as  possible.  In  any  case  they  must  be  brolcen  into  pieces  small 
enough  to  handle  oy  hand,  unless  derricks  and  power  are  to  be  used  to  handle 
them. 

The  total  money  expense  of  the  clearing  project  must  be  within  the  capi- 
tal available  for  the  purpose,  and  the  labor  and  time  required  must  not  exceed 
the  supply.  The  condition  in  which  the  ground  it  left  also  it  important.  The 
holes  should  be  shallow,  and  the  lets  littering  and  tearing  up  of  the  surface 
there  it.  the  better.  The  work  usually  should  be  finished  in  time  for  planting 
a  crop  in  the  spring,  for  the  lots  of  a  year's  time  costs  money. 

These  are  the  things  which  should  be  included  in  the  plans  for  clearing. 

Nature  of  Stumps  and  Conditions  Affecting 
Their  Removal 

There  are  about  500  different  varieties  of  trees  which  make  stumps  in 
America,  and  it  is  not  advisable  to  classify  them  all  in  this  bulletin.  What 
it  of  value  it  to  review  the  nature  of  their  roots. 

Tliere  are  three  general  types  of  roots — lateral  roots,  semi-tap  roots  and 
tap  roots.  (See  cuts,  pages  53  to  55.)  -  Some  varieties  of  trees  always  grow  in 
one  way;  other  varieties  grow  in  either  of  two  ways,  depending  on  toil  condi- 
tions. The  ttumps  of  tome  trees  rot  fast,  while  others  are  very  durable.  Some 
roots  die  when  the  trees  are  cut;  others  throw  up  sprouts.  The  wood  of  some 
roots  is  tough  and  can  be  twisted  a  great  deal  without  breaking ;  of  other  varieties 
it  is  brittle  and  will  break  off  when  bent  or  jerked. 
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T)pical  tap-root  stumpi  are  long-leaf  southern  pine,  hickory  and  black 
gum.    Some  of  these  trees  grow  a  root  that  is  almost  as  big  as  the  tnink,  ex- 
tending straight  down  into  the  ground.    Others  have  slender 
roots.     Sometimes  these  tap-roots  send  out  lateral  roots  erf 
Root  Growth       some  size,  but  in  other  cases  the  laterals  are  limited  to  hun- 
dreds of  short,  hair-like  rootlets  growing  from  the  main  tap- 
root.   The  tap-root  itself  sometimes  splits  at  a  point  several 
feet  underground  into  several  smaller  roots,  all  of  them  continuing  to  grow 
nearly  straight  down. 

Typical  lateral  root  stumps  are  elms,  soft  maples,  locust,  dogwood,  elder, 
hemlock  and  some  cypress.  The  roots  of  these  trees  grow  in  all  directicxis  from 
the  trunk  near  the  surface  of  the  ground.  Working  the  ground  close  about  such 
stumps  is  next  to  impossible. 

The  largest  class  of  stumps  is  the  semi-tap-root  class.  Belonging  to  this 
class  are  white  pine,  poplar,  chestnut,  ash,  walnut,  red,  black,  pin  and  other 
oaks,  persimmon  and  sassafras.     Stumps  of  this  class  are  harder  to  remove 


WoDdecfuUy  pri>dacti»  mMdoin,  far  tinuth;,  (Haifa  oi  other  mw,  cut  b«  mada  b^  deaolnc  up 
ud  draiolnf  atump  flati,  ThLa  laod  was  a  tanglfl  of  old  ]o£i  and  atumpa  a  few  montha  balora  tha  pio- 
tuie  waa  taken.     <Hicbipin  Land  &  Lumber  Campuif.) 

than  either  of  the  other  two  types,  because  the  roots  generally  are  big  and 
strong  and  grow  in  all  directions,  some  along  the  surface,  others  almost  strai^t 
down  and  still  others  between. 

What  may  be  classed  as  a  fourth  division  is  composed  of  the  root  clusters 
of  sprouts  and  bushes  of  almost  any  sort  of  trees,  whose  growth  has  not  yet 
taken  the  characteristic  form.  Brush  of  willow,  elder,  maple,  chestnut,  hick- 
ory, oak  and  witchhazel  may  be  named.  The  roots  are  very  firmly  anchored 
in  the  ground  for  a  distance  of  three  or  four  feet  in  all  directions. 

The  nature  of  the  soii  and  the  height  of  the  water-table  in  it  have  much 
to  do  with  determining  the  root  growth.  A  hemlock  tree,  for  instance, 
will  send  its  roots  down  till  they  almost  take  on  the  nature  of  the  semi-ti^ 
root  class  in  soil  that  is  loose,  free  from  stones  and  Jry.  The  same  tree  would 
have  few  roots  deeper  in  the  ground  than  6  inches  where  the  soil  is  hard  and 
the  water-table  near  the  surface.    The  root  growth  of  other  varieties  of  trees 


ii  affected  by  water  and  soil  in  the  >ame  way.  A  tree  that  grows  on  a  steep 
hillside  probably  will  have  heavier  roots  on  the  sides  than  on  the  downhill 
and  uphill  grades. 


>f  primenU  •a 
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Some  stumps  are  durable  and  others  will  rot  very  fast.  White  pine, 
Norway  pine,  locust  and  cedar  stumps  will  last  fifty  yean  without 
decaying  enough  to  make  much  difference  in  the  work  of  their 
Rotting  removal.  Chestnut,  white  oak  and  catalpa  are  nearly  as  durable. 
The  other  oaks,  poplar,  ash.  hemlock,  hickory  and  gum  rot  so 
fast  that  in  a  few  years  a  team  of  horses  can  roll  out  stumps  of 
considerable  size. 

It  should  be  understood  that  during  the  first  season,  after  any  variety  of 
tree  is  cut  and  the  stump  and  roots  die,  the  bark  and  soft  outer  layer  of  wood 
rots  away,  making  the  roots  loose  in  their  earth  channels.  It  is  the  inner  or 
mature  wood  which  lasts. 

Another  characteristic  of  stumps  which  is  of  importance  in  clearing  plans 

is  their  sprouting.     None  of  the  pine  stumps  will  sprout  when 

a  tree  is  cut,  but  nearly  all  the  hardwood  stumps  will  do  so. 

Sprouting      Chestnut  is  a  great  sprouter.    A  stump  that  does  not  sprout  is 

not  getting  any  worse  as  time  passes,  but  one  that  does  sprout 

is  likely  to  be  harder  to  take  out  each  succeeding  season. 

All  kinds  of  stumps  pull  easier  when  the  ground  is  wet  than  when  dry. 

Ejtplosives  are  more  efficient  in  wet  ground  than  in  dry.    Pulling 

machinery  ordinarily  is  handicapped  in  very  wet  ground,  because 

Water       of  the  lack  of  firm  footing. 

The  nature  of  the  soil,  whether  light  or  heavy,  has  a  consider- 
able effect  on  the  way  stumps  come  out  of  the  ground.    Naturally 
a  loose,  fluffy  sand  will  hold  the  roots  less  than  heavy  clay.    Pulling  them  out 


of  sand,  therefore,  it  much  easier  ihan  out  of  heavy  soil.    Chi  the  other  hand, 
light  soil  will  not  confine  the  gases  of  explosives  nearly  as  well  as  clay.     In 
sand  the  greater  ease  of  tearing  the  roots  loose  is  more  than 
Kiods  of  Soil       offset  by  the  lowered  effidency  of  the  blast. 

The  foregoing  principles  should  be  of  more  actual  ser- 
vice to  land  cleareri  than  a  description  of  the  conditions  in  different  sections. 
If  your  stumps  are  Southern  long-leaf  pine,  you  know  they  will  not  sprout, 
and  are  of  the  tap-root  class.  If  they  are  white  pine  of  Michigan  or  Maine,  you 
know  they  are  of  the  semi-tap-root  class,  that  they  will  not  sprout  and  that  they 
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probftbly  will  outlut  you  if  you  do  not  move  them.  In  case  of  a  locust  stump 
in  (Mdahoma,  you  know  that  you  have  a  lateral  root  stump  to  deal  with,  that 
mil  sprout  and  that  will  last  as  long  as  the  white  pine.  These  illustrations 
serve  to  point  out  how  every  reader  can  classify  his  own  stumps  as  to  facts 
about  them  that  are  important  from  the  clearing  standpoint. 


Methods  of  Clearing  Land  of  Stumps 

A  half-dozen  methods  of  removing  stumps  are  more  or  less  well  developed 
throughout  the  country.  Everyone  who  clears  land,  whether  it  is  only  the  re- 
moval of  stumps  from  cultivated  fields  or  the  clearing  up  (rf  logged-off  areas, 
should  study  the  different  syitenu  in  order  to  decide  which  of  them  is  best 
under  any  particular  conditions.  No  one  method  is  best  all  the  time,  and  in 
nearly  every  case  a  combination  of  various  means  will  be  found  most  effective. 

LhU  <4  MeihoJj 

Digging  out  the  sttimps  by  hand. 

Pulling  the  stumps.  The  pulling  may  be  done  with  horses  or  machines. 
The  pull  may  be  direct,  or  may  be  doubled  or  tripled  in  force  by  means  of 
blocks  and  cable  or  rope.  If  with  machines,  it  may  be  with  a  traction 
engine  hauling  direct,  a  donkey  engine  hauling  by  means  of  a  drum  and 
cable,  a  capstan  puller  run  by  horse  power  or  man  power,  or  a  tripod 
puller  which  lifts  the  stumps  straight  up.     (Sec  pages  44  to  50.) 

Burning  the  stumps.    The  old-fashioned  practice  was  to  start  a  fire  along- 

ude  a  stump  and  keep  it  going  till  the  stump  was  consumed.     Charpit  burning 

consisls  of  keeping  an  intensely  hot  but  small  fire  about  the  base  of  a  stump 

under  a  covering  of  earth.    Another  method  is  to  bore  auger  holes  through  Ae 
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stump  or  part  way  through,  to  form  draft  holes  and  flues.  A  favorite  method 
in  some  sections  is  to  bum  out  the  roots  with  a  gasoline  torch  to  a  depth  below 
the  plow  line. 

Finally,  there  is  the  use  of  explosives  to  blast  out  the  stumps. 

G>mbinations  of  methods  very  often  are  valuable,  and  are  recommended 
at  proper  points. 

Stump  Disposal 

The  land  clearer  must  remember  the  necessity  of  disposing  of  stumps 
after  they  are  out  of  the  ground.  It  is  expensive  and  difficult  to  haul  or 
bum  whole  stumps.  Several  hundreds  of  pounds  of  earth  nearly  always  stick 
to  the  roots  of  big  stumps  taken  out  unbroken.  For  this  reason  wherever  it 
is  possible  to  do  so  the  stumps  should  be  broken  into  pieces  small  enough  to  be 
handled  easily  before  the  job  is  considered  done.  There  is  no  comparing  the 
cost  of  burning  stumps,  when  they  have  to  be  piled  by  means  of  a  derrick, 
with  the  cost  when  they  can  be  handled  by  hand. 


Choice  of  a  Method 

Whether  to  remove  stumps  when  they  are  green  or  to  let  them  decay  a 
year  or  more  is  a  problem  to  be  decided  by  your  plahs  and  the  uses  to  which 

you  will  put  the  land.    Newly  cut-over  land  is  clean.    It  has 

few  weeds  and  no  sprouts.    In  one  season  it'  will  not  develop 

Green  vs.  much  of  this  growth,  but  in  two  or  more  seasons  it  will. 

Old  Stumps      and  will  be  very  much  harder  to  clear  than  it  would  have 

been  the  first  year. 

The  stumps  are  hard  to  take  out  while  they  are  green. 
It  costs  much  more  to  do  the  work  then  than  a  year  or  more  later,  after  the 
bark  and  sap-wood  has  rotted  from  the  roots. 

But  it  costs  money  to  miss  crops,  too,  and  if  you  are  ready  to  put  the 
ground  to  work  at  once,  it  is  folly  to  wait  for  the  stumps  to  rot.  To  wait  from 
summer  till  the  following  spring  is  not  a  bad  idea,  for  that  loses  little  or  no 
time,  and  starts  the  rotting  process  which  makes  removal  easier  and  cheaper. 
Speaking  in  general  of  pulling  and  blasting,  pulling  the  stumps  probably 
is  better  and  cheaper  when  the  stumps  are  very  small,  and  blasting  when  they 
are  t^rge.  Where  a  large  number  of  big  stumps  are  to  be  removed  a 
combination  of  the  two  methods  is  advisable. 

When  stumps  are  small  or  numerous  they  can  be  pulled  by  a  team  of 
horses  hitched  direct,  by  a  capstan  puller,  traction  engine  or  donkey  engine, 

with  ease  and  speed.    The  pulled  stumps  can  be  handled  by 

hand  directly,  and  disposed  of  without  trouble.    The  same 

Pulling  and        is  tme  to  a  lesser  degree  when  larger  stumps  grow  small  and 

Blasting  shallow  roots,  which  require  but  little  power  to  lift  and  move. 

For  stumps  larger  than  3  to  5  inches,  explosives  can 
be  used  alone  effectively  and  economically,  though  there  are 
important  considerations  which  modify  such  a  rule.  One  of  them  is  that  of 
soil.  Explosives  work  more  effectively  in  heavy,  tight  soil,  such  as  moist  clay, 
than  in  dry  sand.  Therefore,  in  dry,  light  soil  it  often  is  cheaper  to  pull  all 
the  stumps  not  too  large  to  handle  without  breaking  up,  while  in  heavy  soil  it 
usually  is  cheaper  to  pull  only  very  small  stumps  that  will  come  out  easily, 
and  to  use  explosives,  alone  or  in  combination,  for  everything  larger.. 
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Old,  well-decayed  itun^  too  big  to  handle  should  be  removed  with  ex- 
pkmvea  alone.  Small  green  stumps  may  be  blasted  out  dean,  roots  and  all, 
but  large  green  stumps  nearly  always  require  a  combination  of  methods,  as, 
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[or  instance,  blasting  and  team  pulling,  or  pulling  with  a  capstan  puller.  The 
cost  of  explosives  often  can  be  cut  down  by  making  use  of  such  a  combination 
of  methods.  A  heavy  team,  or  other  means  of  pulling,  will  take  out  roots 
after  the  ground  has  been  loosened  with  explosives. 

Tai>-root  stumps  larger  than  your  arm  should  be  blasted.  Tap-root 
stumps  cannot  be  pulled  to  advantage,  though  when  very  small  they  can  be 
broken  off  by  a  side  pull.  Where  land  is  swampy  on  the  surface,  and  roots 
consequently  lie  shallow,  a  heavy  team  often  can  rip  out  stumps  by  direct 
pull,  even  up  to  fifteen  inches  in  diameter. 

Large  stumps  that  are  pulled  may  be  broken  up  afterward  with  small 
charges  of  explosives  placed  in  auger  holes,  but  in  general  it  may  be  stated 
that  large  stumps  should  be  blasted  first. 

The  folly  of  pulling  out  stumps  that  are  big,  and  then  spending  as  much 
money  in  getting  rid  of  them  as  it  costs  to  pull  them,  will  be  plain  to  any  one. 
They  can  be  disposed  of  at  a  fraction  of  the  cost  when  they  are  well  broken  up. 

A  more  detailed  consideration  of  the  pulling  of  stumps  probably  is  de- 
sirable. Pullers  are  most  successful  in  the  loose  jack  pine  land  of  the  North 
and  the  similar  pine  land  in  the  South,  and  in  clearing  hardwood  cut-over 
land  where  nearly  all  the  stumps  are  small.  They  are 
particularly  serviceable  where  the  stumps  stand  close  to- 
Capstan  Poller  gether,  measure  3  to  6  inches  and  have  root  systems  which 
do  not  bring  up  much  dirt.  Under  such  conditions  a  stump 
puller  is  a  good  investment,  especially  where  there  is  plenty 
cJ  man  and  horse  labor  available  at  low  cost. 

But  it  does  not  pay  to  buy  a  machine  for  a  small  ac:reage  of  clearing.  It  pays 
only  where  a  considerable  quantity  of  clearing  is  to  be  done.  In  vicinities 
where  the  soil  is  light  and  there  are  many  stumps  on  newly  cut-over  land. 


several  farmers  •hould  co-operate  in  the  purchase  of  a  atump  puller  and  ihould 

help  one  another  to  uK  it. 

A  stump  puller  wo'ks  to  least  advantage  under  clay  soil  conditions.  An- 
other factor  i>  the  water  in  the 
ground.  The  ground  must  be  fairly 
dry  when  the  machine  is  used,  even 
though  the  stumps  require  harder 
pulls  then  than  when  the  ground 
is  water-soaked.  In  mud,  horses 
soon  become  mired  deeply.  Pull- 
ing of  stumps  must  be  done  in  the 
summer  or  fall.  Of  course,  they 
cannot  be  pulled  when  the  ground 
is  frozen. 

A  capstan  puller  can  be  used 
on  a  moderately  steep  hill,  though 
the  cost  of  pulling  the  stumps  from 
such  ground  will  be  greater  than 
from  level  land.    Whenever  it  is 
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•'•'"  '■''^  stump  larger  than  about  5  inches. 

A  donkey  engine  outfit  especially  designed  for  stunq> 

pulling  can  be  used  effectively  and  with  success.    It  makes 

Donkey  Eo^e   an  expensive  outfit,  however,  and  unless  there  are  several 

hundred  acres  of  clearing  to  do,  consideration  of  it  may  be 

dropped.    In  the  case  of  very  large  acreage,  it  is  the  logical 

form  of  capstan  puller  to  use. 

A  traction  engine,  pulling  stumps  direct,  is  a  very  effective  means  oi  get- 
ting stumps  out.    In  fact,  when  such  an  engine  is  available  it  is  doubtful  if  the 
purchase  of  any  other  machine  ought  to  be  considered. 
Both  traction  and  donkey  engine  pulling  is  subject  to  the 
Tractioa  Engine      same  limitations  as  pulling  by  any  other  means,   and 
should  be  confined  to  such  work  as  they  can  do  to  ad- 
vantage in  comparison  with  explosives  or  other  methods. 
The  detailed  consideration  of  the  blasting  of  stumps  may  be  short  and  to 
the  point.    The  use  of  explosives  reduces  the  labor  of  land  clearing  greatly. 
One  or  two  men  with  explosives  can  do  the  work  of  a  large  crew  with  pullers 
or  fire. 

The  stumps  can  be  blasted  out  clean.    Thousands  and  thousands  of  acres 
of  stump  land  are  cleared  completely  every  year  with  ex- 
plosives alone.     While  the  use  of  some  means  of  pulling 
When  to  Blast       in  coimection  with  explosives  undoubtedly  cuts  down  the 
cost  on  a  large  tract  c^  clearing,  the  added  ease  and  speed 
of  the  work  of  explosives  alone  is  considered  by  many 
people  to  offset  this  economy.    For  small  tracts  or  a  few  stumps  it  is  fooliui 
to  provide  pulling  facilities.    Do  the  work  with  explosives. 

The  blasting  splits  the  stumps  into  pieces  easy  to  handle,  and  to  sell  or 
bum.     When  it  is  not  desired  to  blast  stumps  out  clean,  the  charges  can  be 
kept  down  and  the  stumps  split  and  the  dirt  loosened  and  thrown  away  from 
the  toots.    The  blasting  does  the  work  in  a  short  time. 
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The  investment  oi  money  is 
kept  down  when  explosives  alone 
are  used.  There  is  no  machinery  or 
equipment  left  on  your  hands  after 
the  clearing  is  done.  Yet  the  best 
use  of  stump  pullers  and  of  explo- 
sives is  mainly  distinct  and  differ- 
ent, and  they  should  be  considered, 
not  in  competition,  but  in  combi- 
nation. A  good  team  and  a  supply 
of  explosive  material  is  a  winning 
combination  nearly  every  time,  and 
explosives  are  bound  to  play  an 
important  part  in  nearly  every 
land-clearing  operation. 

Digging  out  stumps  is  practi- 
cable under  certain  exceptional  cir- 
cumstances. If  you  cannot  get 
explosives  and  if  you  have  men 
who  are  doing  nothing,  they  may 
be  put  to  digging  out  stumps;  but 
if  wages  have  to  be  paid,  such 
clearing  is  bound  to  cost  four  or 
five  times  as  much  as  when  the 
work  is  done  by  better  methods. 
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Burning  by  charpitting  is  a 
practicable  and  cheap  method  of 

! letting  rid  of  soft  wood  stumps  of 
arge  size  and  of  stumps  in  heavy  or 
clay  soil  when  the  weather  is  dry 
for  two  months  or  more  at  a  time. 
It  is  not  successful  in  lighter  soils. 
It  is  costly  when  labor  must  be 
hired  for  the  purpose,  and  wastes 
time.  This  method  of  removing 
stumps  is  chiefly  valuable  for 
settlers  of  logged-ofi  or  cut-over 
land  who  must  fight  their  way 
through  with  little  or  no  money. 
Burning  by 
means  of  auger 
Whea  to  Bum  holes,  and  the 
use  of  oil,  are 
freak  methods 
not  suitable  for  general  use.  They 
should  not  be  attempted  when 
the  clearing  operation  is  seriously 
intended  to  be  economical.  Burn- 
ing with  a  torch  of  some  kind  is 
eifectivc,  but  expensive. 
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Detailed  Directions  for  Clearing  Land  of  Stumps 

Diggina  Out  Stumps 
If  you  dig  right  down  after  the  roots,  trenching  to  bare  them,  cutting  them 
off  vrith  an  axe  first  at  the  aidet  and  then  underneath,  the  stumps  can  be 
rolled  out  as  though  they  were  pulled.    The  cost  is  high. 


If  possible  to  know  beforehand  that  you  must  dig  stumps  out,  do  it  be- 
fore the  trees  are  cut.  Dig  a  trench  about  them, 
taking  away  the  support,  and  cut  the  lateral  nx>ts. 
Trench  about  Trees  and  then  let  the  wind  and  water  finish  the  job.  The 
water  in  the  trench  will  soften  the  subsoil.  The  best 
time  of  year  to  do  it  is  in  the  spring,  when  the  wind 
is  strong  and  the  ground  is  loose. 

Burning  Old  Slumps 

Charpitting  is  perhaps  the  best  method  of  burning  stumps.    The  fire  is 

kept  burning  at  the  base  of  the  stump  till  it  bums  entirely  through,  and  till 

the  top  is  consumed  as  it  settles  down  and  the  roots  are  eaten 

out  to  a  proper  depth  below  the  surface  of  the  ground.    The 

Charpitting      fire  is  confined  by  a  covering  of  earth. 

Charpitting  is  eifccttve  only  when  heavy  grounds  can  be 
secured  to  cover  the  fire.    Sand,  loam  or  other  light  soil  cannot 
be  used  for  the  purpose  successfully. 

The  stumps  should  be  reasonably  dry.  and  the  weather  should  be  dry 
during  the  burning  process,  which  takes  two  to  six  weeks.    Light  showers  are 
not  objectionable,  but  heavy,  settled  reins  cause  failure.    Pine  stumps  bum 
best,  because  of  the  pitchy  nature  of  the  sap  remaining.    Any 
other  soft  wood  can  be  bumed  this  way.    The  successful  bum- 
Conditioas      ing  out  of  hardwoods  requires  favorable  conditions  in  all  re- 
spects, and  is  rather  doubtful  in  the  hands  of  inexperienced 
operators. 


The  procedure  is  as  follows:  Remove  the  bark  from  the  base  at  least. 
On  some  stimqps  it  is  necessary  to  dig  away  a  little  dirt.  The  fire  should  be 
started  low  enough  so  that  it  will  bum  in  under  the  stump  at  the  spaces  be- 
tween the  roots. 

Gather  some  fuel  wood — any  kind  that  will  make  good 

coals,  though  mixed  oak  and  a  little  pine  likely  will  be    best. 

Directions      Cut  this  wood  like  stove  wood — say  about  a  foot  long,  and  split 

fairly  fine.  Lay  and  stand  the  sticks  round  the  stump  till  you 
have  a  layer  at  least  6  or  8  inches  thick.  You  can  pile  wood 
and  start  the  fire  entirely  round  the  stump,  or  only  about  a  quarter  of  the 
way  round  as  you  pr^er.  Putting  wood  all  round  takes  more  wood 
and  more  time  to  prepare,  but  bums  the  stump  out  quicker  and  has  more 
chance  of  success. 

After  the  wood  is  in  place  it  must  be  covered  with  a  little  straw,  fem  or 
other  material  of  the  kind,  and  then  with  a  thin  layer  of  dirt.  The  dirt  layer 
should  not  be  more  than  3  or  4  inches  thick.  It  must  be  of  clay  or  very  heavy 
soil.  The  dirt  should  be  piled  against  the  stump  up  to  about  18  inches  high, 
but  no  higher. 

Start  the  fire  at  each  quarter  of  the  space  round  the  stump.  That  is,  if 
the  wood  runs  only  a  quarter  way  round,  start  one  fire;  if  all  the  way  round, 
start  4  fires.  Leave  the  holes  where  the  fire  is  started  open  only  for  a  little 
while,  and  then  cover  them  up. 

The  fire  must  be  kept  covered  all  the  time  and  never  be  allowed  to  bum 
into  an  open  blaze.  It  is  really  smouldering  and  coaling  of  the  wood.  When 
the  fire  blazes  much  of  the  fuel  supplied  is  burned  up  and  the  heat  is  lost  in- 
stead of  forced  to  eat  its  way  into  the  stump.  The  object  is  to  confine 
the  heat.  When  this  is  properly  done  the  fire  becomes  intensely  hot  round 
the  stump. 

As  the  stump  bums  through  and  the  fire  goes  deeper,  the  dirt  cover  may 
break  through.  Such  places  must  be  covered  with  more  dirt.  If  the  fire  bums 
higher  up  the  stump  than  where  the  dirt  is  piled  in  the  first  place,  put  it  out 
up  there  instead  of  trying  to  pile  the  dirt  higher. 

As  soon  as  the  stump  is  burned  through,  the  top  will  settle  down  and  con- 
tinue to  bum.  Keep  the  fire  covered  over  the  ends  of  roots  that  bum  off,  so 
it  will  eat  its  way  deep  into  the  ground.  If  it  breaks  out  to  the  air  it  will  not 
bum  far.  While  the  stumps  are  buming  they  must  be  watched  and  visited 
several  times  a  day. 

The  cost  of  charpitting  in  the  manner  described  is  high  when  the  actual 
time  of  the  operator  must  be  accounted  for  at  regular  rates  of  wages. 

Another  good  method  of  buming  that  really  is  charpitting  of  a  modified 
form,  is  to  saw  the  stumps  off  close  to  the  ground,  block  up  the  top  part,  and 

to  start  a  fire  between  the  two  sawed  faces.    The  faces 
should  be  as  close  together  as  possible  while  allowing 
Idaho  Charpitting     the  fire  to  be  started  and  to  bum.    Bank  up  the  out- 
side with  dirt,  as  directed  in  preceding  paragraphs,  and 
keep  the  fire  covered  till  the  stump,  roots  and  all,  is 
consumed.    Use  stones  to  hold  the  two  parts  of  the  stump  apart.    It  is  best 
to  do  the  sawing  in  the  winter  and  raise  the  top  part  then,  leaving  it  to  dry 
^  out  several  months.    The  buming  is  done  best  in  the  summer. 

47 


Burning  with  a  torch  is  simply  a  matter  of  digging  away  the  ground  from 

the  roots,  and  applying  the  intensely  hot  flame  at  a  point 
below  the  plow  line.    Torch  burning  is  expensive  business 

Torch  Burning      when  time  and  fuel  costs  are  counted  up.    The  best  kind 

of  a  torch  to  use  is  one  with  a  fan  or  bellows.    The  kind 

of  fuel  used  by  the  torch  is  not  important,  except  that   some  fuels   bum 

better  than  others.    Gasoline  perhaps  is  best. 

A  modification  of  charpitting  sometimes  is  advisable  in  the  case  of  pastur- 
ing the  land  for  several  years.     The  stumps  are  split  and  their  roots  un- 
covered  with   small   charges   of   explosives.     When   they 
are  thoroly  dry,  wood  is  piled  between  and  over  the  split 
Plain  Burning      tops  of   the   stumps   and  the  whole  thing  is  set  on  fire. 

With  a  little  attention  to  keeping  the  burning  ends  of  the 
roots  covered  with  ashes  and  dirt  toward  the  last,  stumps 
may  be  consumed  entirely  by  this  method.  It  is  not  nearly  so  much  trouble 
as  charpitting,  because  the  fire  burns  fiercely  in  the  dry,  shattered  tops,  and 
needs  no  attention  other  than  the  first  piling  of  the  fuel  till  it  is  time  to  look 
after  the  burning  out  of  roots. 

Pulling  Out  Stumps 

Four  forms  of  pulling  are  worth  considering.  These  are  by  horses  direct, 
with  hand  pullers  and  capstan  pullers,  and  with  donkey  engines  and  traction 
engines. 

A  good  heavy  team  of  steady  horses  will  take  out  most  of  the  stumps  which 
should  be  pulled  whole,  and  almost  any  roots  left  by  proper 
use  of   explosives  where  blasting  and  pulling  are  used  in 
Four  Forms      combination.     You  will  need  a  couple  of  good  log  chains 
of  Pulling  and  a  regular  outfit  of  singletrees  and  spreaders.     To  in- 

crease the  strength  of  the  direct  pull,  you  can  use  a 
frame  made  of  6  by  6  pine  pieces  in  the  shape  of  the  letter 
A.  Make  it  6  feet  high.  Attach  a  short  piece  of  chain  round  the  tip  of  the  A, 
to  run  down  to  the  roots  over  the  top  of  the  stump,  or  else  run  the  main  chain 
from  the  horses  over  the  top  of  this  frame  before  attaching  to  the  stump.  Such 
a  haul  will  upset  a  stump  much  easier  than  a  direct  hitch. 

If  you  have  to  pull  without  the  frame,  aim  to  pass  the  chain  over  the  top 
of  the  stump  and  hitch  to  a  root  on  the  other  side,  the  farther  out  the  better. 
Another  good  hitch  and  haul  is  the  twist.  Hitch  to  a  root  and  drive  so  that  the 
chain  tends  to  wrap  round  the  stump. 

When  saplings  are  to  be  removed  do  not  cut  them  first,  but 
hitch  the  chain  to  them  as  far  up  as  you  can  reach.     While  the  team  ' 

is  hauling  on  them,  a  man  should  cut  the  roots  on  the  opposite  side  with 
an  axe. 

A  few  days  of  stump  pulling  is  enough  at  one  time.  Rest  the 
horses  and  men  at  some  other  work.  The  clearing  of  land  by  this  method 
is  heavy  and  tiresome,  and  can  easily  become  disheartening  if  kept  up 
too  long. 

A  capstan  puller  consists  of  a  frame,  a  drum  on  bearings,  a  pole  to  hitch 
horses  to,  and  a  wire  cable  fastened  to  the  drum.  Some  of  them  have  gearing 
which  reduces  the  speed  of  the  drum  and  increases  its  pulling  power.  These 
work  very  slowly. 
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The  pullers  have  to  be  anchored  to  solid  stumps  near  the  place  where 

they  are  set  up.  The  limiting  factor  in  the  use  of  pullers 
is  this  anchor  or  anchors.    When  you  pull,  you  do  not 

Capstan  Pullers     always  know  whether  the  stump  out  at  the  end  of  the 

cable  or  the  one  behind  the  machine  will  come.  To  set 
the  machine  takes  time,    and  you  should  be  careful  to 

make  the  anchorage  as  secure  as  possible. 

If  your  puller  comes  without  a  pole,  you  can  get  one  in  the  woods  near 
home.  Cut  a  6-inch  tree — ash,  white  oak,  hickory  or  the  like — and  use  a 
20-foot  length.  Better  attach  an  old  wagon  tongue  to  this  where  the  horses 
are  to  be  hitched,  to  keep  the  pole  from  hitting  the  horses  when  stumps  give 
way  suddenly.  Some  operators  also  attach  a  second  pole  in  front  of  the  horses, 
to  lead  them  in  the  circle,  saving  continued  driving. 

It  is  better  to  wind  up  the  cable  on  an  empty  drum;  the  cable 
wears  much  less  in  this  way.  For  that  reason  use  only  enough  cable  to 
cover  the  drum — not  two  layers  on  it.  The  length  of  the  cable  will  govern 
the  area  you  can  clear  with  one  set  of  the  machines.  This  usually  will  be 
about  an  acre. 

Three  men  can  clear  an  average  acre  of  cut-over  land  of  small  stumps  in 
one  day.  Three  men  will  handle  a  small  outfit.  Handling  the  cable  is  heavy 
work,  and  you  want  no  boys  on  the  job.  The  hooks  for  catching  the  roots 
that  come  with  the  machines  usually  are  poorly  designed.  You  can  have  a 
better  one  made  by  welding  together  two  old  steel  plowshares  in  a  manner 

that  your  blacksmith  will  understand  if  you  show  him  the 

original  hook.    For  best  results  a  hook  should  weigh  about 

Time  to  Pull       50  pounds,  though  to  be  so  light  it  must  contain  only  good 

steel. 

Pullers  are  not  suited  for  taking  out  occasional  stumps  in 
cultivated  fields,  but  only  to  clearing  cut-over  land  where  stumps  stand  close 
together.  The  machine  should  be  brought  on  the  job  only  after  the  necessary 
blasting  has  been  done.  Then  the  small  stumps  and  whatever  roots  are  left 
by  the  blasting  can  be  taken  out  at  the  same  time.  A  supply  of  explosives 
should  be  kept  on  hand  for  blasting  out  the  anchor  stumps  after  the  machine 
has  done  all  the  work  it  can. 

A  tripod  puller  is  effective,  but  cumbersome  to  handle  and  expensive  to 
operate.    It  is  not  recommended. 

A  donkey  engine  for  stump  pulling  should  have  about  the  same 
power  as  for  logging  operations,  and  should  be  constructed  about  the 
same.  There  should  be  two  drums,  one  for  the  pulling  cable  and  the 
other  for  the  return  line,  the  return  drum  geared  faster  than  on  a  logging 
donkey. 

About  350  feet  of  pulling  cable  can  be  used.    Inch  or  inch  and  a  quarter 

cable  usually  will  be  best.    The  return  line  would  be 

Donkey  Engine         half  or  five-eighths  inch.    With  350  feet  of  main  cable, 

Outfit  10  acres  can  be  cleared  at  one  setting.     It  speeds  up 

operations  to  ]^st  a  cluster  cable  with  three  or  four 
books.    Several  small  stumps  can  be  pulled  at  once  with  this. 

A  donkey  engine  outfit  requires  five  or  six  men  to  operate  it.  With  it 
stumps  of  any  size  can  be  pulled.    When  they  are  too  big  to  handle  directly 
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it  U  beat  to  break  tbem  up  with  exploiives  before  attempting  to  bum  or  other* 
wise  dispose  of  them.  Very  large  stumps  should  be  looieited  and  split  before 
they  are  pulled. 

Little  needs  to  be  said  about  uung  a  traction  engine.   You  will  need  heavy 

chains  and  heavy  hooks.    The  chain  should  be  nothing  leu  than  five-eightlu 

inch.    A  short  piece  of  inch  or  larger  wire  cable  is  better. 

Fifty  feet  or  so  is  eiuMig^.    The  hook  should  be  of  steel, 

Traction  Engine     with  one  point,  and  should  weigh  50  to  100  pounds.    The 

Pulling  entire  hitching  apparatus  should  be  strong  enough  to 

stand  jerking   on   with   the  weight  and  power   ai  the 

engine. 

The  cost  of  operating  pulling  machines  and  of  clearing  land  with  them 
varies  so  much  that  no  f^res  are  safe  to  depend  on.  It  depends  on 
the  kind  of  soil,  the  kind  of  stumps  and  especially  on  the  skill  with 

Cost  which  the  machines  are  operated.  When  everything  is  at  the  very 
best,  land  can  be  cleared  economically  with  donkey  engines  and  trac- 
tion engines  in  combination  with  explosives.      When  conditions  are 

not  favorable  the  cost  of  these  methods  is  very  high. 

For  any  kind  of  stump  pulling  you  will  need  shovels,  hoes,  axes 
Tools     and  bars.    The  probing  rod  also  is  useful  for  kicating  roots. 

The  directions  for  removing  stumps  with  explo- 

Blasting  Out  Stumps    sives  are  given  in  full  detail,  and  in  order  to  do  the 

matter  justice  they  are  placed  in  a  separate  chapter. 

Blasting  Out  Stumps 

A  proper  charge  of  explosives  placed  under  a  stump  will  tear  the  roots  loose, 
lift  the  whole  stump  out,  and  break  it  into  pieces.  The  whole  operation  is 
simple,  safe,  short  and  easy.  Any 
sort  of  stump,  of  any  size,  in  any 
soil,  any  weather,  can  be  blasted 
out  successfully,  and  the  blasting 
is  a  practical  and  efHcient  method 
whether  there  is  one  stump  to  be 
removed  from  the  middle  of  a  cul- 
tivated field  or  a  lawn,  or  thousands 
(^  acres  of  the  heaviest  logged-ofi 
land  clearing  to  be  done. 

The  best  time  of  the  year  to 

blast  out  stumps  is  a  matter  of 

compromise    between     conflicting 

:  requirements.     On  the  one   hand 

I  explosives  work  most  effectively  in 

moist  clay  and  wet  sand  soils.    On 

«Ji';»5."!;.'SJ"™T-i5.^'r«"«Sni.«?     the  other  hand,  it  is  bad  from  a 

«."S^^r''i™.^Tbi;!'""^™n-S«S.'      tillage  standpoint  to   blast  heavy 

chuReB  will  cadtiin  leu  taui  eipioiiie  (hu  <Hu      ground  when  wet.    (bee  page  6/ 

SS'iin^SSS^.S.nr""'*"^''    """"•      for  further  di«:ussion.) 

With  all  the  facts  before  you,  the  selection  of  time  is  a  matter  for  your 
own  judgment.     If  cost  did  not  need  to  be  considered,  summer  or  fall  would 


be  ideal.   Blasting  out  stumpa  from  frozen  ground  can  be 
_.         ,  „  done  with  latiifaction.     In  fact,  the  atump«  are  broken  up 

Tune  of  Year       better  then  than  at  any  other  time,  thtwigh  the  work  i» 

harder  on  account  of  the  difficulty  of  making  holes. 
Success,  and  especially  economy,  in  stump  blasting,  is  a  matter  of  common 
sense  and  judgment  plus  s«ne  knowledge  <w  the  stumps  and  oi  explosives. 
Close  attention  to  apparently  small  matters  insures  good  work.  The  things 
that  the  blaster  must  consider  are  the  location  for  the  charges,  the  proper  size 
of  holes,  the  amount  of  explosives  required,  the  length  of  fuse,  depth  of  hole, 
tamping  and  the  like. 

Loading  Charges  <^  Explosive 

To  blast  out  a  stun^  the  explosives  must  be  placed  in  a  hole  underneath 
it.  Make  the  hole  first.  Then  prepare  the  charge  of  explosives  as  directed 
on  pages  142  to  150.     Pack  the  explosives  in  the  hole,  tamp  and  hre. 


Id  Uutiu  out  bl|  ireai  MnsiiM,  d»  hal«  far  the  Itaica  to  aicfal  ch«|«i  (twuld  be  nude  ■■  newb' 
u  poadble  Diidar  tlu  auin  uchoi  roots.  Ths  nun  od  the  clsht  ii  unoothuic  out  a  bole,  (ettinc  it  read]' 
for  the  chuce;  the  ooe  on  Uie  left  ia  ahoTing  ■  uitridfa  homo  vllb  Ihe  tampini  lod. 

Load  stumps  by  no  rule,  but  with  regard  to  their  root  systems  and  to  the 

nature  of  the  soil.    The  aim  is  to  tear  the  roots  out  of  their  anchorage  in  the 

ground,  or  to  break  them  ofi  below  tillage  depth.    To  do  this  you  must  place 

the  charge  or  charges  tA  explosives  as  dose  to  their 

burden  as  possible — hitch  them  as  short  as  possible  to 

Depth  for  Chafes     the  load.    The  load  or  burden  is  not  the  weight  of  the 

stump  so  much  as  its  grip  on  the  ground.    You  must 

get  good  confinement  of  the  gases.     If  there  is  a  weak 

wall  on  one  side  of  an  explosion  and  a  fairly  solid  or  finn  wall  on  the  other,  the 

weak  wall  will  give  way,  and  very  little  breakage  or  movement  will  be  made 

in  the  other. 

The  charge  of  explosives  should  be  located  just  deep  enough  to  secure  this 
confinement  uid  to  be  under  the  load  to  be  lifted,  but  not  any  deeper.     If 


charges  are  too  deep  there  is  great  waste  of  energy  in  uselessly  lifting  earth. 

This  is  costly.    Charges  that  are  placed  too  shallow  will  blow  off  the  tops  of 

stumps  or  split  them,  leaving  roots  tight  in  the  ground. 

Since  clay  and  other  heavy 
soils  hold  the  gases  much  better 
than  sand,  and  wet  ground  holds 
them  better  than  dry  ground,  a 
much  thicker  covering  of  dry  sand 
is  required  over  a  charge  to  confine 
the  gases  properly  than  of  wet 
clay.  Charges,  therefore,  must  be 
placed  deeper  in  sand.  Usually  the 
charges  should  be  placed  right  next 
to  the  wood  of  the  roots  in  clay 
soil,  and  Jn  sand  with  6  to  30  inches 
of  ground  between  the  charge  and 
the  roots  (tap  roots  excepted— sec 
next  page).  Large  stumps,  and  old 
stumps,  require  shallower  placing 
of  charges  in  proportion  to  diam- 
eter than  small  stumps  and  green 
stumps.  Long-rooted  stumps  re- 
quire de^>er  placing  than  short- 
rooted  ones. 

With  the  foregoing  points  in 
mind,   it   will   be   seen   that   the 

The  chuvei  ar«  i^ce«  snd  the  mm  conDccted,         ,  ,        i  j   L         i        j    j*       >i 

Uu  ■iKkhi*  beea  ^ud  amy  ud  ib«  heip«n  charges  should  be  placed  directly 
KSrfoJlS^^Sp'^do^ 'ii:d'!.™fu!.%'5S::i?,'  under  that  part  of  the  stump  that 
will  give  the  greatest  resistance. 
This  may  be  the  center,  but  it  is  by  no  means  always  so.  If  the  stumps 
have  grown  on  a  hillside,  the  roots  may  be  heavier  cut  sideways  than 
uphill  or  downhill.  Very  often  a  tree  on  the  level  has  heavier  roots  on  one 
side  than  on  the  other.  Usually  it  is  of  advantage  to  blast  a  big  stump 
with  more  than  one  charge,  placing  one  charge  under  each  of  the  large  roots 
and  one  under  the  center  of  the  stump.  A  charge  under  a  root  should  be  at 
a  point  where  the  weight  of  the  stump  will  be  balanced  by  the  pull  of 
the  ground  at  the  other  end.  This  point  usually  will  be  a  foot  or  two  out  from 
the  edge  of  the  body  of  the  stump. 

In  the  foregoing  suggestions,  no  mention  has  been  made  of  the  three  main 
types  of  root  growth— tap-root,  semi-tap  root  and  lateral  root;  but  with  the 
principles  of  blasting  in  mind,  it  is  easy  to  see  that  a  properly  placed  charge 
under  a  lateral  root  stump  will  be  very  shallow.  If  such  a  stump  is  to  be  taken 
out  with  several  charges  instead  of  only  one.  all  but  one  of  the  charges  will 
have  to  be  located  well  out  from  the  stumps  proper,  under  main  roots. 

Semi-tap  root  stumps  require  deeper  placing  of  charges  than  lateral  root 
stumps.  When  such  stumps  are  taken  out  with  more  than  one  charge,  the 
points  for  the  explosive  are  closer  in,  under  the  main  roots  where  they  dip  a 
couple  of  feet  below  the  surface. 

The  underground  nature  of  each  stump  should  be  determined  before  plac- 
ing charge  or  even  making  holes.  You  can  do  this  partly  by  observing  the  rooU 
that  rise  above  the  surface,  but  mostly  by  probing  down  among  the  roots  with 
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the  quuter-inch  steel  needle  known  as  a  probing  rod.    Every  blaster  should 
have  one  of  these  rods  and  should  make  use  of  it  at  each  stump. 

There  are  two  ways  of  blasting 
out  true  tap-root  stumps.  One  is 
to  bore  a  hole  in  the  wood  of  the 
tap-root  itself,  and  the  other  is  to 
place  the  charges  right  alongside 
the  root  and  against  it.  as  mudcap 
charges  are  placed  in  stone  blasting. 
In  placing  the  charge  in  the  wood, 
make  a  hole  in  the  ground  down  to 
a  point  a  couple  of  feet  below  the 
surface  of  the  ground.  Then  bore 
a  hole  in  the  wood  with  a  wood 
auger,  lliis  hole  should  go  two- 
thirds  or  three-fourths  of  the  way 
through  the  root.  Fill  the  hole  in 
the  wood  with  explosives,  fire,  and 
the  resulting  blast  will  cut  off  the 
root. 

In  placing  the  charge  of  explo- 
sives against  the  wood,  get  it  at 
least  4  feet  deep.  If  you  can  com- 
mand an  electric  blasting  machine 
for  hring.  divide  the  charge  in  two 
These  charges  may  be  placed  < 
tate  to  place  the  charges  at 


V  cutridcea  ol  druuiiilc  Bwall  uid  i 


rhea  they  HTfl  apLIl  and  preififti 


■ttUDIL   Thiee  mslhodi  ■. 

to  do  it  with  one  cluttt,  ulini  cii 

boiinc  into  tbg  wood.    "B"  ihowi 

chufca  when  slectiic  blaatlaf  m 

"C"  ihowi  br  dotted  Unu  poaitian  of  lunr  I 

wood  whan  oat  cbarge  coold  be  placed  to 


>l  and  throw  01 


Uie  t 


id  place  the  two  parts  on  opposite  sides. 

ily  3}^  feet  deep,  though  you  should  not  hesi- 

I   greater  depth  when  blastuig  large  tap-root 

_  stumps,  particularly  if  the  ground 

is  of  a  light  nature. 

In  all  sorts  of  stump  blastinn 
the  holes  for  the  charges  can  be 
dug  with  narroW'bladed    shovels, 
spades  or  crowbars,  or  bored  with 
__.  ^  dirt  augers.     (See  page  61.)      In 
\W  ^     stony  land  augers  cannot  be  used, 
or  can  be  used  only  for  parti  of 
the  holes.     All 
things     consid- 
Making  Holes     ered,  it  is  hard 
to  beat  the  bar 
and  sledge  com- 
bination   for    making     holes    for 
charges  of  no  more  than  two  or 
three  sticks,  or  for  starting  holes 
for  larger  charges. 

The  bored  hole  is  better  than 
Died  '^^  ''"K  one  because  it  can  be 
how  tamped  tighter.  After  much  dirt 
^1^1  once  is  taken  out.  it  will  not  be 
'^  tamped  back  in  again  as  solid  as  it 
"    was  before.    Holes  for  inch-and-a- 


llwilldolhewoA. 


Aoj  one  of  the 


quarter    cartridges    of    explosivt 


should  be  made  with  inch-and-a-half  augers  or  ban.  In  blasting  exceptionaily 
large  stumps,  use  2-inch  or  3-inch  augers.  The  holes  usually  can  be  started  be- 
tween roots  and  in  depressions,  but  do  not  sacrifice  good  placing  of  charges  for 
ease  in  making  holes. 


lut  nudac  Utcnl  looted  (tump.    "A"  diowa  bow  lo  place  chatcs  w 


imp  [■  10  b«  nmoTBd  wilb  »ven]  cbufu  firsd  bj  olsctric 


blaitiaf  nucbfai*.    Uw  dtber  mcAod  "A" 

In  water-saturated  ground  of  a  heavy  nature,  in  case  you  have  difficulty 
in  getting  the  charge  properly  centered  or  placed  (when  no  electric  blasting 
machine  is  available  for  firing),  you  can  make  use  of  what  is  known  as  propa- 
gated detonation.  E)ivide  the  big  charge  into  several  small  ones  in  different 
holes  bored  from  two,  three  or  four  sides  of  the  stump,  but  all  ending  close 
together  down  under  at  the  right  point.  If  these  charges  arc  tamped  solid  and 
they  are  not  more  than  a  foot  apart  they  all  will  explode  at  once  when  one  of 
them  is  fired  with  a  cap  and  fuse  in  the  usual  way. 

In  making  holes  for  blasting  out  tap-root  stumps,  start  the  bar  or  auger 
straight  down  along  the  root  from  the  surface.  When  you  have  reached  the 
required  depth,  wriggle  the  bar  sideways  to  make  the  hole  wide  at  the  bottom. 

Wherever  the  number  of  stumps  runs  into  many  thousands,  it  will  pay  to 
get  a  machine  to  bore  the  holes.   Such  a  machine  will  bore  all  the  holes  needed 


chtfu  *nd  cap  lod  FoM  •«  ntad.    "B"  cbowi  pronr  pHltio 
hlaidnc  machine  li  oaed.    Uh  oltlMi  ona  or  Uio  otlief  malbo 


under  the  rtumpi  at  the  rate  of  500  or  600  &  day,  and  at  very  much  lower  coit 

than  the  »aine  work  can  be  done  for  by  hand.     The  machine 

bores  almoat  ai  fast  in  wood  as  in  earth,  and  is  particularly 

Power  Boring      serviccsble  when  roots  have  to  be  penetrated  in  order  to 

get  the  charges  to  the  right  spots. 

Machines  can  be  bought  complete  in  small  sizes  suited 
to  land-clearing  purposes,  or  can  be  bought  in  parts  and  assembled  on  home- 
made frames.  Electric  machines  are  most  convenient.  Steam  and  compressed 
air  machines  are  next  but.  Flexible  shaft  machines  and  direct-geared  machiites 
are  least  satisfactory.  The  flexible  shafts  break.  The  steam  outhts  freoe  up 
and  are  troubled  with  burst  pipes.  All  the  outfits  except  steam  ones  can  be 
run  by  gasoline  engines. 


TDibowcuaidcHof  ei|il«ii«ceipiuided,u|Kiiiiin«lhy,ipliltiii(olatIiidiew[iippiBss.  in  biibolc. 

An  electric  boring  outfit  consists  of  a  small  gasoline  engine— say  about  5 
horse  power — on  a  wagon  belted  or  geared  to  a  3  kilowatt  dynamo,  and  that 
equipped  with  two  drill  heads  and  2W  feet  of  electric  cable.  A  supply  <^  1}^- 
inch  augers  completes  the  outfit.  Such  an  outfit  costs  about  $500.  You  can 
use  any  gas  engine.  The  dynamo  will  cost  somewhat  less  than  $250,  and  the 
drills  about  $80  each. 

It  takes  five  men  to  run  this  outfit— two  men  on  each  drill  and  one  man 
to  drive  and  to  handle  the  cables.  This  man  should  lift  the  cables  carefully 
over  stumps  and  prevent  them  from  kinking  and  getting  caught.  The  steam 
and  compressed  air  and  the  direct  drive  machines  wilt  not  be  described,  be- 
cause improvements  continually  are  coming  out.  Watch  the  farm  papers  for 
advcrtiseirtents,  or  write  to  any  maker  of  expk>sives  for  names  of  manufacturers 
of  these  machines,  if  you  are  interested  in  them. 
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Slit 

Cartridge 

Wrappings 


Study  the  methods  of  handling  explosives  as  outlined  on  pages  144  to  150 
and  1 67  to  )  70,  to  which  every  reader  is  referred  at  thii  point,  before  trying  to 
load  charges.     A  few  special  hints  will  be  given  here. 

Charges  of  explosives  usually  should  be  as  near  as  may  be  in  a  round  hulk- 
not  strung  out  for  2  or  3  feet  in  a  long  hole.  To  get  them  to  the  hole  must  be 
enlarged  at  the  bottom  by  scraping  or  springing.  Slit  the  paper 
wrappings  of  the  cartridges  and  press  the  cartridges  in  the  hole 
with  the  tamping  stick  till  they  swell  to  fit  the  hole  tight  and 
shorten  to  2  to  4  inches  in  length.  (See  pages  53  to  55.)  But  do 
not  do  this  if  the  hole  is  very  wet. 

When  you  have  many  stumps  to  blast  out,  it  often  is  a 
good  practice  to  malEe  holes  in  the  forenoon  and  then  to  load  and  shoot  after 
dinner.  Load  and  fire  all  the  holes  you  have  prepared  when  you  go  to  the 
field,  after  which  you  can  proceed  to  make  more  holes.  Always  fire  tht  ckarfts 
soon  afier  they  are  loaded.  To  do  this  prevents  missing  charges,  and  avoids 
chance  explosions  due  to  meddling,  and  the  like.  If  the  holes  are  wet,  firing 
immediately  is  required  to  avoid  weakening  of  the  explosive  by  water. 

If  you  prepare  your  charges  in  the  field,  you  can  cut  a  supply  of  pieces 
of  fuse  before  you  go  out.  Make  the  pieces  of  varying  lengths  and  crimp  caps 
on  them  to  prevent  the  powder  shaking  out  of  the  ends.  Take  the  roll  along 
with  you  to  provide  for  holes  requiring  longer  fuse.  Don't  attempt  to  use 
pieces  of  fuse  less  than  15  inches  long.    They  are  dangerous. 

Use  plenty  of  earth  when  tamping  the  holes,  and  tamp  well.  See  that 
the  ground  is  packed  solid,  not  only  where  you  made  the  hole,  but  all  aroimd 
the  stump.  C^en  there  are  holes  dug  by  skunks,  groundhogs,  gophers,  squir- 
rels, rats  or  mice  under  stumps. 
Keep  the  charge  of  explosives  away 
from  these  cavities — better  fill  them 
up. 

In  lighting  many  fuses  a  gas- 
oline or  oil  torch  is  useful.  But 
there  isn't  anything  much  better 
than  to  stick  the  burning  end  of  a 
freshly  scratched  match  right 
against  the  powder  in  the  end  of 
thefuse.  (Seepage  159.)  Remem- 
ber that  the  outside  cover  of  the 
fuse  does  not  bum,  but  the  spark 
runs  down  the  center  as  a  drop  of 
water  might  run  down  a  tube.  Do 
not  leave  the  fuse  till  it  spits  sparks 
regularly. 

None  of  your  charges  are  likely 
to  misfire  if  you  load  carefully,  and 
if  you  have  taken  proper  care  of 
your  explosive  materials  before 
loading.  But  if  misfires  do  occur 
with  fuse,  do  not  investigate  them 

Some  lucb  appMriDM  la  oeceinty  in  *tatap       i         „v^ral    hniir*     nt    \ra%t       /<w 

biMtini,  but  ihe  lets  oi  it  tbeie  is  the  better.   The     ror   Several  nours,  at  least,     (.oee 
ideaiUait  Is  just  sitons  eDDuib,  »iid  is  so  locttod.      page  164  for  discussion  of  misfires.) 

that  it  roUi  the  roati  free  ol  theii  beds  uid  splits  ,-^                   .        ,     ' 

themoput,  but  does  sal  thron  tbem  an  lumecessUT  "-t  course,  m  elec- 

toot.    Loud  leports  end  much  diit  bitta  Id  the  sir  MiefirAB        trii-      (^rincr      irm,      ran 

staoircuelMilMdIiisuid  unlaw  eipanse.  JYlisnres       tnc     Unng     you     can 


invntigate  a   miafire  iininediatcly  after  the  wiret  have  been  disconnected  at 
the  blasting  machine. 

Amoanl  of  ExploaiKs  Required  to  Blast  Out  Slumps 
A  pr^>er  charge  of  explosives  for  a  stump  blast  has  a  dead,  muffled  report. 
It  lifts  out  and  splits  the  stump.  Loud  report  and  the  throwing  of  the  pieces 
far  shows  that  too  much  explosives  has  ixen  used.  When  stumps  merely  are 
spJit  and  tight  roots  are  left,  not  enough  explosives  has  been  used  (or  it  may 
be  placed  too  shallow).  If  the  explosion  is  mufHed  and  does  not  throw  pieces 
far,  but  digs  too  big  a  hole,  the  charge  is  too  heavy  and  too  deeply  placed. 

It  is  impossible  to  lay  down  exact  rules  for  the  amounts  of  explosives  to  use. 
This  bulletin  will  include  figures  of  amounts  that  have  been  used  to  blast  out 
some  stumps,  but  these  figures  must  be  regarded  as  correct  only  under  identi- 
cal conditions  of  soil,  kind  and  age  and  size  of  stump,  amount  of  water  in  soil, 
kind  and  grade  of  explosives,  and  anmunt  of  confinement  in  the  hole.  Experi- 
ence must  be  the  teacher  in  this  matter. 

A  green  stump  requires  a  great  deal  more  explosive  than  oik  that  has 
stood  a  few  years.  More  explosives  are  required  in  stony  land  than  in  smooth 
land  to  blast  out  stumps.  The  harder  and  heavier  the  soil  is,  the  less  explosives 
are  required,  and  the  looser  and  lighter  it  is  the  more  explosives  are  required. 
Dry  soil  requires  more  explosives  than  moist  soil. 


AithaHrooUlis,  Iherihow  thcrMultofualmoslidMlbUBt.    There  is  Unle  hole  in  ths  ground ; 
the  atamp  i*  well  broken  np;  the  root!  are  cleaned  of  dlcti  (Dd  00  tools  hive  been  thrown  lei?  far. 

When  you  want  to  blast  a  stump  entirely  out,  it  is  better  to  load 
too  heavily  than  too  lightly,  for  roots  left  tight  in  the  ground  after  the  top  of 
a  stump  is  blasted  off  are  hard  to  get  out.  If  you  are. not  familiar  with  stump 
blasting,  start  with  the  small  stumps  and  load  them  as  you  think  they  should 
be  after  considering  the  various  points  explained  in  foregoing  pages,  and  in 
view  of  the  following  figures. 

Ordinarily  it  takes  one  pound  of  explosives  for  each  foot  in  diameter  of 

stump,  when  the  stump  is  such  as  a  white  pine  in  clay  soil  cut    10  years 

or  longer.    Green  stumps  of  any  kind  require  more  than  this — usually  about 

half  again  as  much;  sometimes  twice  as  much.   A  rule  for  the  enormous  stumps 
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of  the  Pacific  Coast  is  to  square  the  diameter  of  the  stump,  measured  in  feet, 
and  use  this  figure  at  the  number  of  \^  by  8  inch  cartridges  of  explosives  re- 
quired. This  rule  usually  over-estimates  the  amount  required  for  stumps  larger 
than  3  feet  in  diameter. 


mplatB  |ob  EVinltiiLt  from  trrliic  to  blast  out  rarj  bU  atiuap*  biWni  i 
cbarse  Co  Mcb  one.  UnlM*  tM  chaice  ii  sxceuiK&  bMTy,  which  m 
loainf  uid  hi  louUnf,  It  caa  not  Iw  [dacwl  dacp  anoniA  ta  ramart  (ha  i 


Bumplti  of  the  incDini 

Keidliii  mou,  with  una  cI 
t  ll  li  upMtiln  Is  oivloainf  ai ^. 

■tump.    E*en  11  it  ia  daap  enonih  and  heiTr  si . , .. 

the  blf  cntar  made.    Bach  bi(  atumii  ibotila  h«Ta  icnral  ch«r(at. 

Amount  of  Explosiots  Used  to  Blast  Stumps 

The  following  table  is  taken  from  records  of  blasting  in  Minnesota,  Penn- 
sylvania, Oregon,  Kentucky,  Michigan  and  Florida.  The  stumps  were  blown 
out  effectively  and  successfully,  and  the  figures  should  serve  as  a  reliable  guide. 


10 

Pine,  dead 

Clay 

1 

12 

Pine,  dead 

Sand 

IH 

12 

Pin^da>d 

Loam 

1 

12 

■      Pine,  dead 

CUy 

1 

U 

Pbe,  dead 

Clay 

2 

15 

Pine,  green 

Loam 

4 

16 

Pine,  dead 

Clay 

I'A 

18 

Pine,  dead 

Sand 

3 

18 

Pine,  dead 

Loam 

2 

18 

Pine,  dead 

Clay 

IM 

20 

Pine,  dead 

S»id 

7 

20 

Pine,  dead 

Clay 

4 

24 

Pine,  dead 

Loam 

5 

24 

Pine,  green 

Sand 

10 

24 

Pine,  dead 

Sand 

^ 

24 

Pine,  dead 

Loam 

4H 

24 

Pine,  dead 

Clay 

4 

36 

Pine,  dead 

Sand 

10 

36 

Pine,  dead 

Loan) 

04 

36 

Pine,  dead 

Clay 

PA 

40 

Pine,  dead 

CUy 

7 

48 

Pine,  dead 

Sand 

13 

48 

Pine,  dead 

Loam 

10 

I>iamfttttr  Stump 


48 

60 

8 

12 

12 

15 

16 

16 

18 

20 

24 

26 

27 

27 

30 

30 

34 

38 

30 

36 

40 

48 

72 

60 

15 

10 

15 

24 

16 

16 

20 

6 

8 

10 

12 

15 

18 

6 

8 

12 

15 

18 


Eiod 
StDinp 

Pine,  dead 
Pine,  dead 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Oak,  green 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Oak,  dead 
Fir,  dead 
Fir,  dead 
Fir,  green 
Fir,  dead 
Fir,  dead 
Spruce,  green 
Hemlock,  dead 
Walnut,  dead 
Gum,  green 
Gum,  dead 
Black  gum,  green 
Sugar  maple,  green 
Snag,  dead 
Tap-root  pine 
Tap-root  pine 
Tap-root  pine 
Tap-root  pine 
Tap-root  pine 
Tap-root  pine 
Tap-root  pine 
Tap-root  pine 
Tap-root  pine 
Tap-root  pine 
Tap-root  pine 


Kind 
Sou 

Cartridges  lyi  inch 
Dynamite 

Clay 

9 

Clay 

15 

Sand 

IH 

Sand 

2 

Lx>am 

IH 

Lx>am 

IH 

Clay 

W 

Clay 

3 

Loam 

3 

Lx>am 

3H 

Clay 

3 

Clay 

2 

Sand 

5 

Ijoam 

4H 

Clay 

4^ 

Sand 

6 

Clay 

4H 

Clay 

5H 

Lx>am 

10 

Clay 

12 

Ijoam 

20 

Lx>am 

26 

Clay 

36 

Sand 

32 

Sand 

2 

Lx>am 

1 

Clay 

3H 

Sand 

4 

Sand 

5H 

Sand 

5M 

Sand 

4^ 

Sand 

H 

Sand 
Sand 

1 

Charge 

Sand 
Sand 

2 

-    m 
wood 

Sand 

2HJ 

Sand 

1    1 

Sand 

IH 

Charge 

Sand 

3 

Against 

Sand 

4 

wood 

Sand 

5 

Proper  blasts  throw  out  little  dirt.  They  pull  the  roots  out  of  the  ground, 
and  permit  most  of  what  little  dirt  they  do  lift  to  fall  back  in  the  hole.  In 
consequence  good  blasting  leaves  small  holes. 

An  excellent  plan  for  any  blaster  is  to  carry  a  notebook  and  a  yardstick 
and  keep  track  of  the  blasts  he  makes.  Make  note  of  the  size,  kind,  age  of 
stump,  kind  of  soil,  amount  of  water,  kind  and  amount  of  explosives  used,  and 
the  result  of  the  blast,  in  each  case. 
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The  figures  here  given  will  serve  as  a  guide  for  the  first  shots. 
ark  proceeds,  base  your  loading  on  your  own  experience. 


Hen  two  clurcea,  Itreil  tina(b«r  elMtrluUy,  w»r«  camet^  propartioncd  sad  placed  aicenl  tbtt 

DtiiniBE  root,  ■hown  id  the  picluie,  which  then  would  aol  biTG  required  nullini  with  hones  or  knather 
bluL 

Kind  of  Exploiiees  to  Um 
The  kinds  and  grades  of  explosives  best  to  use  for  blasting  out  stumps  are 
few,  and  vary  with  the  nature  of  the  soil.  In  a  heavy  soil  an  explosive  which 
cracks,  lifts  and  heaves  is  more 
desirable  than  one  which  shatters. 
In  other  words,  a  slow-acting  ex- 
plosive such  as  20%  ammonia 
dynamite  is  the  best  to  use.  If  the 
charges  must  be  exposed  for  some 
time  to  water,  nitroglycerin  dyna- 
mite had  better  be  used. 

In  dry,  light  soils,  such  as  dry 
sand,  it  is  necessary  to  use  an  ex- 
plosive that  exerts  its  full  force 
before  the  gases  can  give  way,  as 
in  mudcapping  rock.  For  that 
reason  50%  to  60%  ammonia  or 
nitroglycerin  dynamite  is  the  ex- 
plosive to  use.  Intermediate  grades 
of  soil  usually  can  be  depended  on 
to  hold  the  gases  enough  to  permit 
the  use  of  the  slower  20%  ex- 
plosives. 

The  above  does  not  mean  that 
these  grades  of  explosives  arc  de- 
manded for  removing  stumps.  The 
fact  is  that  stumps  can  be  blasted 
iid"thM""wh;t%«  i;rte™;^"bitw«nihB  ™(i;      out   with    almost   any  explosives 
w"^  tht  mt/rti^"  ""  '"""'  """"^  ^"^     manufactured  :  but  the  work  can 


be  done  more  economically  and  cheaply  if  the  grades  recommended  above 


IL  bot  did  not  taeak  i(  up.    Another  chug*  Bhonld  have  ben  looiled  date  undet  the  cenlor.    It  CI 

'    -  ...  •.    ■   -  J'--    -ucjrtrtdee  chuiiedowntnlbereoteioltliBhoUoirto 


hilL  but  did  Dot  breiUt  it  up.  AnoChei  chuge  Bhould  have  bei 
be  taoken  Dp  euiilT  DOW,  howeTer,  trj  Itwding  one  cirtndge  i:b 
TmS  STUMP  IS  A  WHITE  PIKk,  CUT  7S  YKARS  AGO. 


The  20%  explosives,  especially  the  ammonia,  leave  the  ground  in  hetter 
condition.  A  violent  and  quick-acting  explosive  tears  out  large  holes  in  heavy 
ground,  and  packs  the  earth  about  the  et^es. 

Time  RequireJfor  and  Coit  of  BtatUng  Slumps 

A  day's  work  for  one  man  is  30  to  60  average  stumps  blasted  out.  If 
three  men  can  work  as  a  crew,  two  making  holes  and  one  loading  and  firing, 
the  number  of  stumps  per  man  will  be  much  increased. 

Tlie  cost  of  blasting  stumps  is  a  variable  quantity.    Those  which  blast 

out  the  cheapest  are  well-rotted  oak  or  walnut,  in  moist  clay  soil.     Probably 

the  stumps  which  cost  most  to  blast  are  green  white  pine  or  oak  in  dry  sand. 

The  skill  and  good  judgment  tA  the  blaster  also  has  much  to  do  with  the  cost. 

Tooh 

The  toob  you  will  need  for  blasting  stumps  are  all  common  ones.  The 
pictures  show  better  what  they  are  like  than  words  can  tell.  You  can  use 
grubbing  hoes,  axes,  crowbars  for  driving  and  for  hand  use,  soil  augers,  long- 
shanked  wood  augers,  wood  tampii^g  sticks,  cap  crimpers,  water  buckets,  pocket 


_» 


1 


knivet.   ■tee)  probing  rods,  adze*, 
long'huidlcd  shovels,  spade  shoveU, 

^n  shovels,  scrspers,  spoon  bars, 
;es  and  possibly  other  tools. 

An  old  wood  auger  does  not 
make  a  good  toil  auger,  though  it 
can  be  used  in  a  pinch.  For  boring 
in  ground  an  auger  should  have  a 
leading  point  2  or  3  inches  long. 
Both  wood  and  soil  augers  should 
have  cutting  bits  that  can  be  filed 
sharp  a  good  many  times  without 
destroying  them.  Most  blasting 
tools  arc  supplied  by  all  makers  of 
explosives,  and  by  hardware  dealers. 
Some  of  them  can  be  made  at  home, 
by  your  blacksmith. 

The  spoon  shovel  and  spoon 
bars  are  for  tunneling  and  enlarging 
bore  holes.  Make  them  by  turning 
up  and  trimming  the  edges  of  long- 
handled  shovels.  The  probing  rod 
is  a  piece  of  quarter-inch  steel  6 
™^Vdr^™p'«d?iTwTfoS!,t^^ft';  feet  long,  with  one  end  sharpened 
poper  po^iiMi,  und  i.  pot  brokra  up  for  ii*ndimi.      to  a  point.     It  had  better  have  a 

11  can  be  biokenverj  euily  as  It  lies,  tn  louCing  «        ,         ,, '^  ,  ,     . 

ons  cuiiidiii  mudup  chucs  between  tbe  two  luge      handle  tumed  over,  or  made  mto  a 
;S."~,..i'iS.rrt..?3,.'?Ci,'S.5'£K     ri„8.    Nolongde«riplio„o(.„yo( 

been  broken  In  leveralpiecss  and  dl  thrown  out.  these  tools  will  be  given  here,  becaUSC 

farmers  are  familiar  with  them. 
This  bulletin  strongly  recommends  electric  firing  for  stump  blasting  when- 
ever there  is  enough  blasting  to  be  done  to  justify  the  purchase  of  a  blasting 


TBty  pW  while  ^ne  itump  blown  ont  with  three  chu«ei  Brad  togetbei  «l«ttricallr.  The  (tump 
1  torn  looaa  and  deaned,  bnt  uoih«  charfe  ihooU  bii*  twm  pUced  St  a  pOat  slow  to  tha  wood 
to*  MStn,  to  Bpllt  th*  tbuBt  tat  auT  h— tH-j 


machine.  (See  pages  139  and  160.)  One  to  fire  up  to  10  charges  can  be  ob> 
taincd  at  a  moderate  cost.  If  skillfully  handled  its  use  will  save  its  cost  for  each 
500  pounds  of  explosive  fired.  Electric  firing  makes  possible  work  in  stump 
blasting  that  is  superior  to  the  work  produced  by  any  fuse  firing  when  conditions 
are  difficult.     The  several  small  explosives  help  one  another. 


TIm  blu(«r  looMd  hit  duucu  nsder  tUi  ■Mms  uw  hi  tomrd  one  tide.   The  remit  it  that  Ibc 
0<  Ibe  other  tide  are  leCl  stickinc  in  tlu  (roimd  and  icqaile  tflolhtr  blagt. 

General  Minis 

To  blast  out  standing  trees,  use  about  twenty  per  cent,  more  exploa 
than  you  would  for  the  stumps.  It  is  better  to  blast  big  trees  with  sev 
chai^.  firing  them  electrically. 

When  big  green  stumps  are  blasted  out  with  one  charge  placed  under 


.  with  one  ctiiirie.    The  uploeiTCE 

tr  enoufh  to  tear  loose  the  mtny  flimly 

imp*  ihould  be  bltited  with  thiee  or  moit  ctuifH 


center,  some  of  the  rooti  often  break  oS  high  up,  so  that  they  interfere  with 
plows.  They  are  better  blasted  with  several  charges  placed  round  the  edges. 
If  you  are  using  a  stump  puller,  split  and  loosen  all  the  big  stumps  with  ex- 
plosives before  pulling  them. 

It  is  more  expensive  to  remove  severely  burned  stumps  than  those  with 
the  tops  intact.  In  blasting  decayed  stumps  and  those  with  no  tops,  fill  the 
center  cavity  with  ground  and  tamp  it  tight.  Then  place  the  charges  in  the 
usual  way. 

In  blasting  old  rotten  stumps  that  have  sound  roots,  you  often  find  the 
center  underneath  has  rotted  out,  or  become  so  that  it  is  only  a  mass  of  punk. 
This  material  will  not  hold  the  gases  of  the  explosives.  To  blast  such  stumps, 
better  use  an  electric  blasting  machine,  and  several  charges,  or  if  fuse  must 
be  used,  place  the  charges  under  the  roots,  or  deep  under  the  center,  filling 
the  hollow  center  with  wet  clay  or  loam. 

Old  logs  and  snagi  frequently  are  too  big  to  haul  or  handle  and  to  bum 
on  clearings.  E)o  not  waste  time  cutting  tbem  in  two,  but  smash  them  up 
with  charges  of  about  half  a  cartridge  of  explosives  placed  in  an  auger  hole.  If  no 
auger  is  handy,  put  a  heavier  charge  in  a  notch  chopped  in  the  log  and  cover 
with  6  inches  of  mud. 

Fat  pine  tap-root  stumps  often  may  be  shattered  by  charges  of  explosives 
placed  in  the  top-roots,  and  the  stumps  left  to  dry.  After  a  few  weeks  these 
stumps  will  bum  like  oil  pots. 

Many  farmers  can  clear  their  land  with  very  little  loss  (tf  time  from  regu- 
lar work  by  going  about  it  in  a  systematic  campaign.  In  an  hour  or  two  each 
evening  a  good  many  stumps  can  be  blasted  out  and  the  work  will  be  a  pleas- 
ure. Only  one  man  is  needed.  By  making  sure  that  the  charges  are  rightly 
placed  and  proportioned  to  the  stump,  the  roots  all  will  be  broken  up  so  one 
man  can  handle  them. 

Avoid  working  in  the  fumes  and  smoke  of  blasts,  whidi 
Headache  will  cause  headache.  Also  keep  the  explosives  from  touching 
PteventiCHl     the  skin  of  your  hands,  by  wearing  gloves. 


I  (ha  ch«n*  il  pUcud  loo  ibiiUow  in  tbe  bluting 
4  nuuh,  ue  top  It  ripped  ofl,  leavliic  maa^  tight 


roota  (ticUs(  Ufa  aBoiicli  to 


In  removing  saplings  of  tauafrai  and  persimmon  and  stumps  with  long, 
tough  roots  that  may  sprout  if  pennitted  to  hreak  oif  in  the  ground,  it  often 
is  of  advantage  to  explode  half  cartridge  charges  a  couple  of  feet  under  the  trunks. 
This  will  not  take  out  the  trees,  but  will  loosen  the  ground  so  that  when  they 
are  pulled  over  in  the  usual  way  the  roots  all  will  come  away. 

Be  careful  not  to  miss  charges  that  are  placed,  when  you  are  lighting  fuse 
or  connecting  wires.  Get  them  all  as  you  pass  the  stumps  they  are  under. 
Unfired  charges  are  liable  to  weakening  and  damage,  and  are  sources  of  danger. 


Thi*  la  wbit  the  tttunp  fleM  ■hould  look  Ilka  altar  the  looti  tUT>  been  blawn  out.     If  tbc  land  is 
tn  be  tiraied,  the  nsM  phurlnt  ihould  see  e>eiy  root  Temored. 

Stumps  make  good  fireplace  wood  and  kindling  wood.  You  likely  can 
sell  fireplace  wood  in  nearby  towns  by  doing  a  little  advertising  or  inquir- 
ing of  people  you  know.  Pine  stumps  have  won  a  place 
in  the  hearts  of  all  American  farmers  as  kindling  wood. 
Stump  DlBpOSal  On  nearly  every  farm  and  at  nearly  every  home  it  pays 
to  keep  a  large  supply  of  pine  roots  for  kindling.  [)on't 
destroy  stumps  when  your  wood-house  is  empty. 

At  many  points  roots  can  be  sold  as  fuel  for  engines.  In  many  parts  of 
the  South  stumps  can  be  sold  for  turpentine  extraction.  Everyone  should  make 
an  effort  to  sell  or  to  use  his  stumps  rather  than  to  destroy  them.  They 
represent  real  fuel  value,  and  a  little  effort  usually  will  get  it  out.  The 
home  kindling  pile  can  be  made  big  enough  to  last  for  years.  The  roots  are 
ready-cut  kindling  of  the  best  grade.  As  fireplace  wood  they  are  superior  to 
top  growth,  because  of  mineral  elements  in  the  sap.  They  make  as  good 
fuel  for  lime  kilns  as  any  other  wood.  The  price  for  home  use  near  large  cities 
often  is  upward  of  $8  to  $12  a  cord.  For  turpentine  extraction  the  roots  are 
worth  at  least  $3.50  a  cord.  Fanners  themselves  can  afford  to  pay  at  least 
$1.50  a  cord,  with  the  cost  of  hauling  added,  rather  than  to  bum  the  stumps. 

But  when  stumps  cannot  be  sold  or  used  they  must  be  burned  on  the 
ground.  Where  they  have  been  pulled  out,  without  breaking  up  with  explo- 
sives, and  are  large,  the  pulling  engine  or  horses  must  be  used  to  pile  them, 
with  the  help  of  a  derrick  or  gin-pole.  An  engine  and  a  winch,  using  a  cable, 
is  a  very  good  outfit  for  this  purpose.  A  derrick  may  be  a  tripod  with  legs  up 
to  40  to  45  feet  long,  or  it  may  be  a  swinging  boom  derrick,  with  mast  up  to 


t  part!  of  aim  cDimtiT  to-du.     It  D<v«r  wlU 
■If  cut  down  in  Und  (OHriu  ■■  Uie  thing  to  do 

30  feet  high  and  boom  25  feet  long.      Let  the  mast  lean  a  little  toward  the 

pile  of  sttimps,  so  the  boom  will  swing  round  it»elf  with  its  load.     Another 

good  machine  is  the  G>nrath  portable  piler,  much  used  in  Wisconsin.     It 

requires  10  pieces  of  timber  or  poles,  of  which  the  largest,  the  two  slcidi  and 

the  boom,  are  20  to  22  feet  long.     A  gin-pole  may  be  any  height  that  is 

convenient.      An  old  dead  tree  malces  a  good  one.     Let  it  bum  with  the 

stumps  piled  about  it.     With  150 

feet  of  half-inch  cable  and  a  pair 

of  double  blocks  the  piling  can  be 

done  with  horses. 

A  better  way  to  handle  stumps 
than  with  a  derrick  is  to  use  small 
charges  of  explosives  to  break  them 
up  after  they  are  pulled.  When 
stumps  are  well  blasted  the  problem 
of  disposal  is  simple. 

Start  numerous  small  fires  and 
haul  and  pile  the  roots  on  as  they 
bum  down.  The  fires  can  be  kept 
going  till  all  the  roots  are  burned 
up,  by  putting  on  new  roots  and  by 
shoving  in  butts.  Have  a  wagon  or 
sled  and  keep  hauling  and  unload- 
ing all  the  time.  Drive  about  the 
clearing  on  regular  routes,  each  time 
making  larger  circles  and  throwing 
off  a  few  roots  as  you  pass  by  each 
fire.  One  man  can  clean  up  more 
acreage  in  this  way  in  an  equal 
Tha  idsii  iiu  wd  Und  of  pUB  for  biuniiif     time  than  Several  men  working  to 

■tumw  and  Eootm.    ThsH  pilei  t»n  b«  bnilt  i)T  nnnd,  .,       .  .      i-i     _:i :»l. 

In  unl«din(  Uia  Mom;*  from  ■  low  wudd  or  »lwl.       pile  the  StumpS   in  high  pllCS  With 

Thesrucui  t>*ti>rt<Hiu>dnu»etoMi1«itoiraw     ^  derrick,   except  in  cases  where 
tlum  icHBC.  "^ 


the  stumps  are  Urge  uid  unbroken,  or  ure  left  in  very  large  pieces.  What 
saves  expense  is  piling  by  hand. 

When  you  dear  Isnd  by  blasting,  postpone  all  burning  of  brush,  logs,  etc., 
till  after  the  stumps  are  blasted.  Then  have  a  grand  burning  c^  everything 
at  once.  But  do  not  bum  the  surface — don't  let  the  fire  run  over  the  ground. 
Keep  it  strictly  to  the  boundaries  of  the  piles.  There  is  a  whole  lot  of  fertil- 
izer in  the  layer  of  leaves,  moss,  twigs  and  other  vegetable  matter  that  every 
piece  of  cut-over  or  logged-off  land  has  on  the  surface.  It  is  foolishness  to 
destroy  this.    Plow  it  down.    It  is  worth  a  good  many  dollars  on  every  acre. 

When  you  bum  a  clearing,  first  get  in  touch  with  the  (ire  warden  of  the 
district  if  there  is  any  forested  land  at  all  near  your  place.  Use  every  precaution 
to  prevent  the  fire  from  getting  out  of  your  clearing  and  beyond  your  control. 

You  will  hear — once  in  a  long  while — some  man  say  that  blasting  out 

stumps  hurts  the  soil.    When  you  do,  tell  him  he  is  mistaken.    Proper  blasting 

is  beneficial  to  the  soil.    It  is  so  beneficial  that  on  thousands 

of  farms  subsoil  blasting  is  regarded  as  a  standard  practice. 

Blasting  In  many  orchard  sections  no  one  thinks  of  planting  fruit  or 

Benefits  Soil       shade  trees  without  first  preparing  the  ground  for  them  by 

blasting.    There  is  a  bulletin  published  on  that  subject  whitJi 

you  should  have  if  you  are  interested. 

It  is  proper  to  add  here,  however,  that  when  the  ground  is  wet  a  blast 
docs  not  produce  the  same  effect  in  it  as  when  it  is  dry.  Subsoil  blasting  must 
be  done  when  the  ground  is  dry  enough  to  crumble.     Blasting  a  heavy  soil 


A  good  owdiod  of  fOiat  curtilii  kdndi  of  (reen  rootB.  Pl)«i  ««■  u  luce  u  this  will  pioTe  to  ba 
Bota  aipsii^Ta  thu  noaller  pUaa  io  aelriy  areiy  luBtance.aiul  thiimcIhodiaJuitlfledDDly  vhcDstamiM 
Hut  do  oot  boni  wen,  lueh  as  pvan  cjprcai,  pica  uid  fif,  hav*  to  ba  burnad  quickly. 

that  is  in  a  plastic  condition  will  make  it  more  compact  instead  of  loosen- 
ing  it.  It  is  possible  to  do  damage  to  a  spot  in  a  cultivated  field  by  making  a 
hole  there — by  diggiTig  out  a  stump,  pulling  a  stump  or  blasting  out  a  stump — 
and  failing  to  (ill  it  up  level  with  the  surrounding  surface. 

This  bulletin  states,  correctly,  that  explosives  take  stumps  out  most 
ef&ciently  when  the  ground  is  moist.  While  this  is  true,  if  you  want  to 
secure  subioiling  benefit  to  the  land  at  the  same  time  you  blast  out  stumps. 


you  must  do  the  work  when  the  ground  is  at  least  reasonably  dry.  By  blasting 
the  stumps  when  the  soil  is  not  wet  you  sacrifice  some  of  die  efficiency  of  the 
explosives  in  the  stump  removing,  and  gain  in  fertility. 

Don't  allow  the  second  growth  to  start  at  all.    Pasture  the  land  with 
what  stock  you  have.     To  get  goats  especially  for  the  purpose  is  practicable 
on    large    tracts,     but     the    small    tract    had     better 
be  pastured  by  the  cattle  or  hogs  or  sheep  that  the  farm 
Clearing  Sprouts      already  has.    Goat  clearing  is  advisable  only  where  time 
is  plenty  and  money  for  development  is  scarce.     Cut 
brush  to  the  ground  when  it  is  in  full  leaf.    Do  the  grub- 
bing at  intervals  through  the  summer,  ai  time  permits.    Remember  that  the 
grubbing  must  be  deep  to  kill  the  roots — a  foot  down  at  least. 


In  IhU  openliDB  four  men  and  flr*  bonci  are  SMd  to  pil«  (b«  ilump*.    Tb*  cln-pol>  l(  *  modi- 

Acation  of  the  swiiuiag  boom  derrick.     The  operation  li  nther  eTpeoine  owlnc  Co  ita  compaiatiTe 
insndency  compared  to  hand-handUnc  of  the  atumpa  when  they  aie  well  broken. 

After  the  stumps  and  sprouts  are  off  the  land,  there  still  is  some  work  to 

do  before  it  is  ready  for  crops.    New  land  is  fertile,  but  it  usually  needs  lime. 

The  unevenness  and  stump  holes  should  be  filled  after 

the  plowing  is  done.    A  small  horse  scraper  is  a  valuable 

Finishing  Up       implement  for  this,  but  anything  made  like  a  King  split-log 

Now  Lands         road  drag  will  do  the  work.    Make  a  complete  job  of  the 

leveling.    Scrape  the  bumps  into  the  hollows,  and  make  the 

surface  as  even  as  possible,   so  that  no  water  will  stand 

in  pools.    This  leveling  should  be  done  carefully  in  old  cultivated  fields  as  well 

as  in  new  ground. 

To  take  full  advantage  of  the  big  supply  of  plant  food  available  in  the 
soil  of  newly  cleared  land,  you  must  plant  crops  that  will  bring  in  money.   This 
may  be  a  grain  such  as  com,  but  is  more  likely  to  be  hay, 
cotton  or  fruit. 
Crops  for  Strawberries  are  pre-eminently  a  new  land  crop.    They 

New  Ground  never  do  as  well  on  old  land.  If  you  have  marketing  facili- 
ties for  them,  put  your  new  ground  in  strawberries  for  two 
or  three  years. 


Potatoes  are  another  paying  crop  on  new  land.    Com  bears  fairly  well, 
but  not  much  better  than  on  old  land.     Other  quick-bearing  fruiU,  such  as 
gooseberries,  currants,  raspberries  and  dewberries,  do  very  well.    Vegetables 
like  tomatoes,  sweet  com.  water- 
nteloM.  beets  and  squash,  succeed 
very  well.    Oats  is  a  very  bad  crop 
to  plant  because  of  the  weeds  it 
invariably  helps  to  spring  up. 

The  hay  crops  are  excellent, 
and  in  some  of  them  there  is  a 
great  deal  of  profit.  Alfalfa  is  the 
best  of  them  all.  If  you  are  plan- 
ning to  plant  alfalfa,  wait  two 
years  after  clearing  and  plowing, 
meanwhile  giving  the  land  a  heavy 
application  of  lime  and  cultivating 
it  in  some  of  the  other  crops 
named.  All  the  clovers  are  good. 
Some  people  like  to  sow  clover  and 
timothy  mixed. 

On  high  land  sow  red  clover 
and  timothy;  on  low  land  alsike. 
timothy  and  red  top  grass.  Soy 
beans,  Canada  field  peas,  field 
beans,  cowpeas.  mammoth  clover 
and  sweet  clover,  cotton  and 
tobacco,   all  will  yield  enormous  a  typs  of  "ria-poie"  iu«i  tt>  pus  itumpi  foe 

_ 1  bntoiiis.  Oftsn  piling  liT  bud  in  >DuU  piln  is  mncb 

crops  on  new  ground.  chuiM*.  '     •   '  ■- 

If  you  have  cleared  in  the  summer,  harrow  and  disc  at  once,  and  sow 
rye,  to  be  plowed  down  the  next  spring  if  you  are  going  to  cultivate  the  land, 
or  to  be  mowed  if  you  sow  grass  seed.  The  clover  should  be  sowed  on  the 
surface  of  the  ground  just  as  the  snow  leaves  in  the  spring.  If  you  do  not 
get  a  good  stand  from  the  first  seeding,  do  not  be  satisfied  with  the  poor  one, 
but  tear  it  up  and  seed  over  again.  You  cannot  afford  to  let  new  ground 
loaf.    There  is  money  in  making  it  work. 


TheiB  di1ch«  ihow  the  result  ol  ctittinc  th«  sod  and  th«  orth  $}ong  tbe  sides  before  tbe  bUit- 
bu.  ShOTSi  bUdM,  4IM  ind  ■  luT-koUe  veie  need.  A  mui  cut  m.  rod  alone  one  ilda  In  eboul  two 
o^intei.    The  blait  left  tfae  toil  oulilde  ol  th«  cut  flnn  and  InMct,  while  KOOplBf  tt 

ditch  out  deul.    (Upper.  MiUei  Dnlufe  District,  Mujon  Co.,  OrecDuj  lo "- 

PoljrtBdmlc  Tnetltuta  of  BnwklTD.) 


THE  USE  OF  EXPLOSIVES  IN  MAKING  DITCHES 
The  Matter  of  Farm  Drainage 

Much  dnining  of  agricultural  land  has  been  neglected  bccauic  it  has  de- 
manded so  much  money,  time  and  hard  work,  and  so  many  men.  The 
excesiive  cost  of  ditching  has  retarded  plaiu  to  drain,  and  poor  methods  have 
retarded  actual  construction. 

In  times  past  ditches  have  been  made  largely  by  hand  shoveling.  A  few 
of  them  have  been  plowed  out  when  shallow  ditches  could  be  made  to  do  the 
work  at  all.  But  the  digging  of  a  few  hundred  yards  of  ditch  3  feet  deep  has 
bcoi  a  summer's  work  on  a  fann,  and  the  draining  of  land  always  has  been 
veiy  expensive  and  hard. 

With  the  increase  in  the  cost  of  labor,  and  the  scarcity  of  farm  he^  com- 
pared  to  the  numbers  of  men  that  used  to  be  available,  there  is  serious  need 
lor  means  of  draining  that  are  easier,  quicker  and  cheaper.  Since  ditching 
with  explosives  has  become  well  known  and  generally  practiced,  it  has  come 
to  be  the  desired  method. 


ObMTTfl  tba  tweo  spraAdioff  of  oianted  earth  orer  the  iDiroiuidfiifcroimdilemTliislltUvvlaTmtod 
tank  oa  Uw  edcec  of  (ha  ditch.  Etsh  in  hMvr,  atill  cluy  mch  u  tbie.  the  siploeioii  iruidi  the  earth 
■S  snttr  Sue.     (Cheeter  Co.,  Pi.) 

With  few  exceptions,  ditches  can  be  excavated  with  explosives  anywhere. 
The  nub  of  the  whole  matter  lies  in  the  fact  that  one  of  the  cheapest  ways  of 
moving  dirt  known  is  with  explosives. 

To  blast  ditches  practically  all  that  is  necessary  is  to  punch  lines  of  noies 
and  push  charges  to  the  bottom.  The  sides  and  bottoms  of  the  blasted  ditches 
are  not  as  smooth  as  if  they  were  shoveled  out,  but  they  are  even  and  true, 
and  the  flow  of  water  soon  levels  them  down  and  smooths  the  bottoms. 

The  work  can  be  done  quickly,  neatly  and  with  no  expensive  outfit.  It  calls 
for  few  men.  A  month's  work  by  ordinary  methods  can  be  done  in  a  day,  or 
a  week's  work  in  an  hour.  Ditches  can  be  blasted  through  any  kind  of  ground 
except  dry  sand.  The  presence  of  brush,  grass,  stumps  and  stones  is  no  bar  to 
this  method  of  cutting  out  the  ditches,  though  of  course  they  dig  out  smoother 
and  cheaper  when  the  nature  of  the  ground  is  clean  and  dear. 

As  for  size,  ditches  of  almost  any  desired  depth  greater  than  )l^  feet  and 
■ajr  wdinvy  width  greater  than  3^  feet  can  be  blasted  out.  Ditches  in  fields 
71 


RaprvMBHttra  Uutod  dltdu*  la  lud*  louri  of  tha  Alhuttc  Coul  MCtkm.  In  anch  nataiial  tb* 
UCM  nmM  b*  bttrj  and  muit  ba  ikDIIiiIlj  plicad  to  indnca  Iha  perfMl  lamlu  ahown.  Wltb 
vpar  can  tiia  vxcavalloB  la  aatfabctoiT  and  Qm  ildca  mora  eran  and  trua  than  in  clar  aoia> 


and  alcMig  roads,  ponds,  canals  for  drainage  or  boats,  stream  channels  and 
similar  cuts  for  any  purpose  can  be  blasted  out. 

This  book  explains  the  possibilities  of  blasting  and  makes  clear  the 
basis  on  which  choice  of  a  method  for  your  work  should  rest.  It  shows  how 
to  plan  and  to  lay  out  drainage  systems,  and  how  to  construct  open  ditches  to 
the  best  advantage.  Other  methods  than  blasting  are  recommended  frankly 
when  conditions  and  purposes  are  such  that  can  be  used  to  the  best  advantage. 

Conditions  Demanding  Drainage 

Two  classes  of  farm  land  should  be  drained.  One  is  the  usual  swamp  land 
where  the  ground  is  saturated  with  water  or  at  least  is  too  wet  for  the  growth 
of  cultivated  plants.  The  other  class  is  land  now  cultivated,  but  which  at 
some  part  of  the  year  carries  excess  water. 

llie  wet  or  damp  lands  may  be  merely  low  spots  in  fields,  or  may  be  entire 
valleys.  Low  spots  c^en  can  be  dried  by  cutting  a  ditch  through  rims  of  higher 
ground  surrounding.  If  the  wet  condition  is  caused  by  overflow  from  streams, 
the  stream  channels  should  be  deepened  or  widened  till  they  carry  all  the  water. 
If  seepage  from  springs  on  the  land  or  above  it  causes  the  trouble,  a  ditch  cut 
across  the  flow  of  the  seepage  water  will  be  the  proper  remedy.  If  the  water-table 
is  too  high,  a  big  open  drain  may  gather  and  carry  away  the  surplus, 
lowering  the  surface  of  the  ground  water  to  where  it  will  not  interfere  with 
roots. 

On  account  of  the  matter  of  moisture  storage,  as  well  as  on  account  of 
general  fertility,  all  land  which  is  cultivated  should  be  drained  thoroughly  of 
excess  water.  It  is  not  enough  to  reduce  the  surplus  to  a  point  where  meadow 
grass  will  grow;  the  drainage  must  be  sufficient  to  dry  o£F  the  ground  soon 
after  each  rain  and  soon  in  the  spring. 

Roads  always  must  be  well  drained  if  they  are  to  remain  solid  and  hold 
their  shai>e  in  wet  weather.  Crooked  streams  should  be  straightened,  to  pre- 
vent cutting  of  the  banks  and  overflowing,  and  ditches  and  streams  too  shallow 
or  small  to  carry  the  volume  of  water  present  should  be  deepened  or  widened. 
Swamp  conditions  are  a  menace  to  health,  breeding  mosquitoes  and  their  at- 
tending diseases.  It  often  pays  to  drain  lowlands  where  water  stagnates,  from 
the  standpoint  of  health  and  comfort  alone,  when  they  are  worthless  for  any 
agricultural  purpose. 

The  Value  of  Drainage 

Good  drainage  not  only  removes  surplus  water  but  actually  helps  to  store 
moisture  against  dry  weather.  When  soil  is  choked  with  water,  deep  rooting 
of  plants  or  trees  is  impossible,  and  the  soil  processes  which  make  available  the 
plant  food  are  hindered  or  altogether  prevented.  It  is  the  absence  of  air  al- 
most as  much  as  the  presence  of  the  water  th^t  does  the  damage.  The  better 
land  is  drained  to  a  proper  depth  in  each  case,  the  finer  and  more  mellow  and 
crumbling  it  will  be,  and  the  more  of  useful  moisture  it  will  hold  in  the  summer. 

Swamp  land  usually  is  very  fertile  when  the  excess  water  is  removed,  and  will 
grow  wonderful  crops.  It  contains  a  rich  supply  of  plant  food.  Such  land 
must  be  aerated — drained — ^and  limed  before  its  fertility  can  be  used. 

The  direct  loss  of  income  from  the  idle  acres  in  swamps  can  be  figured  by 
anyone.  But  this  is  not  the  only  loss.  There  is  the  decreased  net  profit  from 
other  land  that  is  farmed  under  the  same  ownership.  The  swamp  land  costs 
interest  on  its  purchase  price  and  taxes  every  year.  This  cost  must  be  paid 
by  the  productive  acres. 
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d|  ruining  tha  hUt  or  com  oi  uij  otlin  crop  whlcb  nur  lupp«Q  to  be  tlure.  To  dif  out  by  luu 
jlow  out  •Bch  ■  eiou«il  itrBun-Md  It  dlScnlt  Bad  aipsiuiTs,  but  to  blut  It  ont  ii  tbo  mrk  of  oi 
la  lor  ui  honi  or  h,  at  ■  colniimlinlj  louU  coit.    (Mod  Lick  Fua.  Jnllu,  Cantor  Co..  P>.] 


Winduifl  streuns  cut  up  ind  waste  much  land.  They  chun  tlieif  conimes  every  yeu  or  ao,  tear 
4ny  Ihe  banks  at  tho  curreat  cougfl  out  drrvp  holes  add  build  up  sand  bars.  Tbej  occupy  many 
ttmM  Om  uea  Iher  would  il  alni^t,  and  pnctjcally  ruin  the  loil  which  is  worked  ovec  by  itao  wain. 
(Had  lick  Farm,  JuUan,  Csntar  Co.,  Pa.) 

There  it  another  feature  of  the  matter  that  ordinarily  is  overlooked.  This 
is  the  black  eye  which  the  farm  is  given  by  a  ragged'looking  piece  of  swamp 
land  touching  the  clean  acres.  Whether  the  farm  is  on  the  market  or  is  to  be 
kept  as  a  home,  the  waste  lands  cut  down  its  value  and  damage  its  reputation 
among  all  who  see  it,  including  the  stranger  passing  by,  the  neighbors  over  the 
fences  and  the  man  who  lives  on  it. 

It  is  a  well-known  fact  that  malaria  disappears  when  mosquito  bites  are 
eliminated,  and  that  the  mosquitoes  can  be  eliminated  by  draining  the  swamps. 


bottoB  b  a-Aapad. 


In  the  lowland  sections  of  the  countiy  this  hu  been  done  with  great  nicccsi. 
Even  in  the  flat  lands  joining  the  ocean  where  tide  water  sometimes  washes  in 
over  land  and  makes  ponds,  the  opening  out  of  channels  has  drained  away  the 
water  and  killed  ofi  the  mosquitoes. 

Other  enemies  that  breed  and  lurk  in  swamps  are  weeds  and  predatory 
animals.  The  seed  weeds  in  the  swamps  pollute  all  the  surrounding  land,  and 
the  cleaning  up  of  the  swamp  is  a  favor  and  a  benefit  to  the  entire  neighborhood. 

Horses  and  cattle  often  get  mired  into  the  soft  mud  and  are  unable  to  get 
out  without  help.  They  may  stick  there  and  starve  if  not  discovered  and  pulled 
out,  or  they  may  break  a  leg,  or  sprain  themselves  in  their  struggles. 

One  of  the  meanest  things  a  farmer  has  to  do  is  to  haul  loads  of  hay,  grain, 
manure  or  fertilizer  through  a  swampy  place  in  the  field.  The  remedy  is  to 
open  a  ditch  through  the  center,  after  which  the  soft  ground  will  harden  up 
and  the  ditch  can  be  bridged. 

But  not  all  wet  land  should  be  or  can  be  drained.  In  general  whether 
it  will  pay  to  drain  or  not  will  depend  on  how  cheaply  the  job  can  be  done, 
though  this  is  such  an  indefinite  rule  that  it  is  not  of  much  value.  Many  a 
drainage  job  that  can  be  done  for  $50  to  $75  will  add  $100  to  $200  to  the 
value  oi  a  property.  From  a  financial  standpoint,  a  man  is  not  justified  in 
spending  more  money  than  the  crops  that  can  be  grown  will  return  in  a  reason- 
able number  of  years,  though  other  considerations  may  make  it  wise  to  spend 
more. 

The  Essentials  of  Successful  Ditching 

It  is  well  to  have  a  dear  idea  of  what  to  require  of  a  ditch  before  attempt- 
ing to  complete  the  plans  for  it. 

The  successful  drainage  ditch 
should  be  straight,  to  give  an  even, 
swift  flow  of  water  without  cutting 
out  the  banks  or  filling  up  the 
bottom.  Its  sides  and  bottom 
should  be  smooth  and  true,  both  to 
facilitate  the  flow  and  for  appear- 
ance. It  must  be  deep  enough  to 
put  the  water-table  at  a  proper 
level.  It  must  be  wide  enough  to 
give  the  capacity  required  by  the 
volume  of  water  to  be  carried  in 
flood  times.  The  grade,  d  course, 
must  be  enough  to  carry  the  water 
away  and  to  make  the  drainage 
action  sure. 

The  excavated  material  ought 
to  be  well  scattered  and  spread 
evenly  over  the  surrounding  land, 
without  leaving  a  ridge  or  dyke 
along  the  sides  of  the  ditch.  When 
this  material  is  piled  up  along  the 
ditch  it  takes  up  ground  space  and 
acts  as  a  dam  for  surface  water 
and  compacts  the  subsoil  beneath 
by  its  weight,  making  the  drainage 
w  the  field*  much  slower.    Finally, 


One  of  the  best  demoostiiitloDB  of  tbe  nlus  uid 
tncceis  dI  Chg  bLudDg  oi  ditches  bt  in  cutttnc  •  lus> 
:hiiioal  thicuEh  difficult  Doimd  lor  ■  ihartdEBtulce, 
LI  this  plelure  tbowB.  Oat  man  uo  do  the  wcnk  in 
I  caunia  ol  houR.  The  ugMnse  is  not  to  be  com- 
_  -  Jie  TOBi  of  colllna  the  —an  ditch  by  plow- 
hud  ■hOTsUiia  or  Ducmne  work. 

(Vilhr  CtMk,  Pa.) 
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the  ditch  in  respect  to  cort,  time  and  men  needed  for  constructitm.  mutt  come 
within  the  available  limits.  The  cost  must  be  low,  the  time  of  constnicticHi 
■hort,  the  men  required  few,  and  the  work  not  unreutxiably  hard.  Frequently 
if  the  ditching  is  to  be  done  at  all  it  must  be  by  only  two  or  three  men  in  what 
practically  amounts  to  spare  time. 


Tka  Bd*  of  lb*  dHcb  toBom  di*  Unt  of  aw  ebutn  UOfallT,  buUdc  biu  chum  *aS  udM.    It 
— ■-■  ■--  -^ ^  to  (Umlpata  all  twUli  mat  to  main  dw  lUtch  u  itnlsbl  u  ■  itiiiit  wbmwtr 


Nature  of  the  Ground 

The  reasons  why  land  is  wet  are  few.  There  may  be  a  layer  of  ground  a 
few  inches  or  a  few  feet  imder  the  surface,  holding  the  water  from  escaping 
downward.  The  topsoil  itself  may  be  of  such  a  nature  as  to  prevent  water  trom 
percolating  through  it.  The  water  may  keep  rising  from  springs,  producing 
the  conc^tion  called  seepage  or  spouty  land.  Again,  the  water-table,  or  height 
of  the  surface  of  a  nearby  large  stream  or  lake  or  bay,  may  be  nearly  up  to 
the  surface  of  the  ground,  or  the  stream  or  ditch  carrying  away  the  water  may 
be  too  small  or  too  high  at  its  mouth. 

Tlie  nature  of  the  ground  must  be  considered  in  deciding  on  the  method 
<i  ditching.  Sand,  for  instance,  is  easiest  to  handle  by  some  methods,  and 
hardest  by  others.  Dry  ground  handles  cheapest  in  some  ways  and  most 
eq)entively  in  others.  In  ditching  you  are  likely  to  encounter  hardpan,  gravel 
of  ail  aizes,  both  loose  and  in  solid  beds,  and  every  kind  of  mixture  of  these 
material*.  Each  of  these  conditions  calls  for  its  own  sort  of  treatment 
77 


A  ditch  bbilsd  thnniih  reiy  dry  irDaad  nithout  %bj  tide  cnttiiit.    The  iHult  !■ 

■oH  Ii  coans  undy  lum  with  moch  cli;  bcnuth.  Tb«  bl»liii(  would  hive  l»ea  a 
canfiil  if  the  poond  hid  beta  full  ol  «it«  nod  Ihs  lidei  of  ths  ditch  cat  befoia  th 
dona.    (Keai  Saev  Hill,  Ud.) 


Ilcult  pound.  Here  the  uil  was  auned  with  gri 
dllchilnit  DKial  of  them  aie  broken  off  ud  throwi 
tnrlDC  to  Iw  wateraoakad  condiciDD.    (Georgii.) 


Choosing  a  Method  of  Draining 

The  methods  that  are  available  for  making  ditches  are: 
Shoveling  by  hand. 
Plowing, 

Trenching  with  machine  equipped  for  excavating, 

Blasting. 

Each  method  has  its  place.    In  choosing  a  method  many  considerations 

enter  into  a  wise  decision.   The  purpose  for  which  the  ditch  is  made — whether 

open  ditch  or  undcrdrain,  canal  for  water  or  boats,  and  the  lilce,  must  detennine 

the  character  c^  the  ditcji.    The  kind  of  soil  the  size  of  the  ditch,  the  amount 


Hate  the  icolectiiii  knoln  of  cuUi  beld  b^  nutted  root!  of  tices  and  bnuh.  Soch  InsiuliritiH 
in  the  lidH  oft  ditch  nt  not  i  dlndTuuge  except  In  appeanace  In  ■  ditch  wheie  the  flow  «f  mnilM 
ii  hcsTj  and  (wift.  But  when  the  TDlume  at  water  Ji  anutU  and  the  fall  aliihl  the  edges  sbould  be 
tmooth  and  atralihU 

and  kind  of  obstructions,  the  time  available  before  the  job  must  be  finished,  the 
men  thatcanbcputonthe  job,  the  capital  available  for  labor  and  equipment,  the 
source  of  the  water  to  be  drained  away,  the  height  of  the  water-table,  the  use  of 
the  land  to  be  drained,  the  amount  of  water  to  be  carried  and  the  fall  of  the  land 
— all  these  factors  have  a  bearing  on  the  selection  of  the  method  of  making  a 
ditch. 

TiU  Drains 

No  open  ditch  through  cultivated  land  should  be  considered  when 
conditions  are  such  as  to  make  underdrains  better,  and  when  money  is  avail- 
able for  constructing  them. 

But  in  a  great  many  places  the  nature  of  the  ground  or  water  flow  is  such 
as  to  require  open  ditches.  In  other  places  they  are  just  as  good  as  closed 
drains.  For  instance,  through  pasture  land  and  woods  an  open  ditch  will  do 
just  as  well  as  an  underdrain  and  better  where  there  is  a  spring  or  brook 
which  overflows  at  times.    In  muck  land  closed  drains  are  not  practicable. 

EMtchcs  for  immediate  laying  of  tile  cannot  be  blasted  out  with  satisfaction; 
'  the  bottoms  are  left  too  soft  to  hold  the  pipe  properly.  If  funds  for  tile  drain- 
ing are  not  available  immediately,  an  open  ditch  can  be  made  by  blasting 
wUch,  after  a  couple  of  years,  will  be  entirely  satisfactory  for  tiling,  though 


Proper  Mutini  wlQ  opan  ■  chuuul  thnnich  thick  bnub  and  cniUi  OioviJi  mch  ■  dlttJi  wlO  not 
ouanue  nMTlr  ao  mnch  in  Iha  dau  aa  Ihonili  tba  land  waa  daan  and  fre«  fnan  roota.  Ton  can  blaat 
chuuMla  tat  bMM  or  («  drainaie  throafh  ■  manh  ubtn  tht  crouad  la  nndat  water.    (KeaDickj.) 

the  earth  required  to  refill  the  ditch  will  be  tcattered  widely.  Light  blastiitg 
very  often  is  deairahle,  however,  to  loosen  hard  ground  in  order  to  make  dig- 
ging of  tile  ditches  by  other  methods  easier. 

Open  Ditches 
Large  ditches  and  canals,  15  feet  wide  or  more,  and  miles  in  length,  often 
justify  the  use  of  a  floating  dredge.  Those  who  arc  interested  in  methods  of 
trenching  for  underdrains,  and  in  excavating  machinery,  floating  dredges, 
ditching  plows  and  the  like,  should  get  Farmers'  Bulletin  69S  of  the  U.  S, 
£)epartment  of  Agriculture.    It  goes  into  the  subject  in  detail 


An  entbel;  inccsaafiil  diich  blaatod  thnafh  lica>r.  thkk  mnck.  Nota  Ihal  tbe  watortabla  la  tht 
u  the  ■Difacs  ol  tba  sround.  Tbe  adl  la  not  thin  enooch  U  cava  In  or  fioit  into  Oia  ■xoinlhia, 
w*  lb*  UuUdi  is  at  fii  bMt    (Ib  Eowuhltto  Smmpa,  &daiai  Co.,  HIm.) 


When  many  ttonei,  nntt  and 
stumps  are  present,  a  dredge,  or  in 
fact  any  excavating  machinery, 
cannot  be  used  to  advantage  or  at 
all.  Ditches  less  than  2  feet  deep 
can  be  plowed  out  cheaply,  using 
two  or  four  horses  hitched  by  means 
of  a  chain  to  a  plow  of  some  kind. 
Another  implement  that  is  effec- 
tive for  making  very  shallow 
ditches  is  a  scraper,  either  with 
or  without  wheels.  A  road  machine 
or  scraper  is  about  as  good  as  any. 
The  trouble  with  these  machines 
is  that  they  will  work  little  more 
than  to  a  depth  of  a  foot,  and  are 
expensive.  Their  advantages  are 
that  they  scrape  the  dirt  well  back 
from  the  edge  of  the  ditches  and 
make  an  even,  clean-looking  job  by 
machinery  instead  of  by  hand. 

When  tile  is  to  be  laid  in  hand- 
dug  trenches,  begin  the  spade  work 
in  the  bottom  of  a  plow  furrow. 
By  running  the  plow  twice  in  the 
same  place  you  can  make  the  fur- 
row nearly  12  inches  deep. 
Blasting  of  ditches  it  discussed  under  a  separate  heading. 

Possibililiej  and  Limits  of  Bloating 
Tlie  blasting  method  can  be  used  for  making  almost  any  open  ditches. 
A  blasted  ditch  made  with  one  line  of  chafes  usually  is  about  twice  as  wide 
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MaatlM  maku  dia  daanaat  and  amootbaal  lob  In  sandy  loam  that  la  utnn 
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■M  IknwB  to  tba  tltfa  tt  lb*  dOch.  la  t£«  jtetan.   k  atnias  -wiaA  caalsd  it  al 


at  the  top  u  it  is  deep.  The  udu  and  bottom  are  fairly  even.  The  dirt  U 
spread  out  widely  without  leaving  ridges  down  the  sides.  Ditches  can  be 
bhuted  succcufully  in  cUy,  loams,  gravel,  thick  muck,  peat,  and,  in  fact,  every 
sort  of  earth  except  very  thin  muck  and  dry  sand.  Ditches  can  be  blasted 
through  sand  when  saturated  with  water. 

It  is  easier  to  state  the  limitations  of  the  blasting  method  than  its  pos«- 
lalities.  As  stated  above,  you  cannot  blast  ditches  through  dry  sand.  Thin 
muck  runs  into  the  excavated  channels.  In  any  ground  where  there  are  many 
roots  of  trees  or  brush,  the  sides  of  the  blasted  ditch  will  be  ragged  unless  the 
roots  arc  cut  beforehand  along  the  sides.  In  blasting  through  heavy  sod,  the 
sod  sometimes  folds  back  without  tearing  loose,  or  else  simply  flops  back  down 
into  the  ditch--unle>s  the  edges  are  cut  before  the  blast. 

These  are  the  limitations  of  blasting,  and  there  is  a  way  to  overcome  each 
of  them  except  that  of  thin  muck.  The  fact  is  that  the  way  explosives  will 
cut  out  a  narrow  chaimel  is  really  wonderful.  Those  who  have  not  seen  the 
blasting  of  a  ditch  can  have  no  idea  of  the  efficiency  of  the  work  of  explosives 
for  this  purpose  or  of  the  clean  and  finished  job  they  do. 

Explosives  work  to  the  best  advantage  when  the  ground  is  wet  in  fact 
in  thin  mud.  It  takes  less  explosive  to  throw  out  a  required  sized  ditch,  or  the 
same  amount  of  explosivcwill  make  a  bigger  ditch,  whenthe  ground  Jsthoroughly 


A  bis  ditch  bluCed  thioDch  ■  iwimp  wheis 
dilch  motad  io  ■  liltl*.  but  stopped  u  the  wntei 
■SkUts  in  muck,  u  Ions  ■■  the  mitaiul  is  aol  i 
tettr.     (Gillkrd'i  Ltk*  odI1«I  to  MiBvasipiil  tiivei 

wet  than  when  it  is  only  damp  or  is  dry.  The  blasting  may  be  done  with  per- 
fect satisfaction  through  ground  that  is  so  soft  that  there  is  no  footing  for 
horses  and  no  support  for  wheels.  In  fact,  it  can  be  done  when  the  surface 
of  the  ground  is  under  water. 

Excessively  soft  ground,  stones,  stumps  and  roots  are  the  things  that 
make  ditching  by  hand  or  by  machinery  costly  and  difficult,  if  not  impossible. 
But  they  interfere  with  blasting  very  little  and  raise  the  cost  only  slightly. 
Blasting  of  ditches  can  be  done  in  dry  ground  of  a  heavy  nature.  Tlie  general 
rule  is  that  the  wetter  the  soil,  down  to  the  thin  muck  stage,  the  better  and 
cheaper  the  blasted  ditch. 
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About  the  smallest  ditch  it  ii  worth  while  to  blast  is  ]}4  feet  deep  and 
3  J4  feet  wide.  From  this  size  up  to  6  or  8  feet  deep  and  1 8  or  more  feet  wide  the 
UK  of  explosives  has  advantages  over  almost  any  other  method  under 
favorable  conditions.  But  in  general  the  efficiency  of  the  blasting  method 
falls  off  after  the  depth  is  greater  than  6  feet  and  the  width  greater  than  18 
feet.  For  long  ditches  a  floating  dredge  will  be  economical.  Small  ponds  may 
he.  dug  by  blasting. 

In  blasting  ditches  two  or  three  men  can  do  the  work  of  a  great  many. 
They  can  accomplish  in  a  day  or  two  what  would  take  them  months  to  do 
by  hand. 


Laying  Out  the  Ditch 

The  size  or  capacity  of  ditch  required,  the  grades,  the  depth  and  the  lines 
should  receive  careful  attention.  When  there  is  considerable  length  of  ditch 
or  considerable  acreage  to  be  drained  it  is  wise  to  employ  a  drainage  engineer 
or  a  professional  surveyor  in  getting  the  grades  and  in  determining  capacity. 
Except  in  very  large  operations  the  matter  of  depth  and  location  of  the  lines 
of  drains  ii  largely  one  for  fanners  themselves  to  decide,  because  they  know 
the  requirements  of  the  different  soils  and  of  farm  operations,  as  well  as 
have  had  the  chance  of  observing  the  flow  of  flood  water. 

The  eye  is  not  to  be  depended  on  in  determining  the  fall  of  a  piece  of  land 
that  is  nearly  flat.  Use  a  level.  One  way  of  using  it  is  to  drive  a  post  at  the 
u|^r  side  and  fasten  to  this,  by  nailing  or  bolting,  a  crosspiece  with  a  straight 
edge  up.  Then  lay  a  level  on  the  straight  edge  and  make  it  absolutely  level. 
The  cros^>iece  should  point  directly  toward  the  lower  side  of  the  piece  of  land 
93 


In  Wi  dnIiMCS  pnjecti  whsn  lun  cuula  moit  b*  nude  tba  blutinf  mectiod  eltaa  ftonm 
•MaomkiL  Than  li  no  doalM  Uut  aipLwiTM  wDl  do  the  aiumlliic,  u  Cbii  picton  ihaw*.  L*boi 
COM  and  compUeitloiu  ve  induced  to  ■  minlmiim  on  sccDUDt  of  Oa  («<•  men  and  dun  tims  nqnind 


to  be  drained,  where  a  helper  mtist  stand,  holding  a  marker  which  he  raises  or 
knvcn  on  a  pole.  Sight  over  the  straight  edge  and  have  him  elevate  the  marker 
till  it  is  on  a  true  level  with  your  crowpiece.  The  difference  between  your  dis- 
tance down  to  normal  ground  surface  or  normal  water  surface,  and  hii,  will  be 
thefaU. 


ThJT  ditch  1>  ■  (ood  Inituics  of  the  ipted  aad  (mclaDCT  ot  tha  Uudnc  ol  ditchM.  TlueB  men 
mads  it  comrlate,  u  Om  pictBte  *ba«i— 1000  feet  lou— in  S  den.  About  400  pounda  of  tOki^n 
waa  oaed.    Much  cotltni  of  rooti  and  aod  waa  lequited.     (Tba  Bart  B.  Batctaena  Co.,  Haw  Brita'o, 


An  "A"  frame  or  any  other  support  For  the  level  will  do  if  it  will  hold  the 
level  iteady.  Sights  for  attaching  to  the  level  can  be  bought  of  ahnoat  any 
harchnre  store.  They  are  as  accurate  as  rifle  sights.  Tripods  for  holding  the 
level  also  are  made  and  can  be  had  at  most  hardware  stores.  The  plain  level  is 
not  very  accurate.  If  you  do  not  use  sights,  repeat  the  sighting  two  or  three 
times  to  make  certain  <^  the  finding. 

A  ftXi  t^  one  inch  to  each  huitdred  feet  is  enough  to  carry  ofi  excess  water 

from   a    field 
in  most  easel. 
Grade,  Fall  and      Hiis  is  for 
Une  of  Ditch  straight 

ditches.  If  the 
ditch   line   is 
to  swing  here  and  there,  an  inch 
of  fall  is  hardly  a  sufficient  allow- 
ance. 

The  appearance  <rf  grade  is 
deceiving.  Few  pieces  of  ground 
are  so  flat  they  cannot  be  drained. 
Watch  the  land  when  it  is  flooded 
and  the  water  is  going  down.  Set 
some  stakes  then  to  indicate  its 
level  and  its  channels.  If  a  small 
stream  flows  through  the  land,  the 
line  <rf  sight  should  not  follow  its 
wandering  course.  The  total  fall 
should  be  determined  from  just  two 
pontions — one  where  the  stream 
enters  and  one  where  it  leaves. 

The  flow  of  the  flood  water  is 
a  good  guide  in  locating  the  proper 
line  for  a  ditch.  This  is  the  nat- 
ural line  of  drainage.  If  nothing 
else  interferes,  place  the  ditch  in 
this  position.  The  idea  is  to  have 
itasnearaspoBsihle  to  a  straight  line  and  as  short  as  possible.  But  avoid  cutting 
fields  with  open  ditches  when  possible. 

The  one  important  factor  to  consider  in  detcmiining  how  deep  a  ditch 

should  be  is  the  proper  height  of  the  water-table  in  the  ground.    Tliis  is  the 

level  of  the  water  that  will  stand  in  a  well  or  hole  dug  in  the 

wettest  part  of  the  field.    The  water  should  be  at  least  4  or 

Determining     3  feet  below  the  surface  in  ordinary  heavy  loam  or  clay,  and 

Ditch  Depth      ]  to  \}fi  feet  in  muck. 

The  deeper  a  ditch  is  the  farther  and  more  thoroughly  it 
will  drain  land.  Your  calculations  as  to  how  far  you  can  rely 
on  one  ditch  to  gather  water  and  to  effect  the  drainage  of  ground  must  be  based 
on  this  matter  of  the  depth  of  the  ditch.  The  nature  of  the  ground  has  a  good 
deal  to  do  with  it,  particularly  with  the  rapidity  of  the  drainage.  A  loose. 
open  gravel  will  drain  out  nicely  in  a  few  days,  and  a  tight  stiff  clay  will  take 
weeks.  Naturally  the  ditches  should  be  closer  together  in  the  clay  than  in  the 
gravel.    Other  soils  can  be  judged  from  these. 

The  depth  must  not  be  more  than  the  water-level  at  the  mouth  of  the 
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How  particulariy  how  abrupt  aod  daas- 
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ditch  or  drain.  This  is  a  governing 
factor  in  nutny  places.  When  a 
ditch  empties  in  a  stream  you  cJten 
can  carry  the  channel  farther  down 
and  secure  a  lower  level  if  it  is 
needed;  or  the  stream  itself  may 
be  deepened. 

The  water  carrying  capacity  of 
a  ditch  is  most  largely  governed 

by  its  width. 

Ctftenthenar- 
Detenninjng  rowest   ditch 

Width  of  Ditch         that    can    he 

made  will 

have  more 
capacity  than  is  needed  to  carry  all 
the  water  there  is.  The  bottom 
should  not  be  wide,  but  should  be 
narrow,  almost  like  a  broad  V, 
because  the  amount  of  water  to  be 
carried  at  low  water  stage  is  small 
and  it  should  be  confined  close^  to 
make  it  flow  better.  In  flood  times 
the  water  will  rise  higher  and  will 
make  a  broader  stream. 

Where  large  swamps  are  to  be 
drained,  or  the  flow  from  larger 
springs  is  to  be  carried  away,  a  ditch  of  minimum  width  sometime*  is  not  Ing 
enough.  If  you  can  calculate  the  volume  of  water  to  be  carried  away,  you 
then  can  figure  the  correct  width  for  your  ditch.  Measure  the  flow  per  minute 
in  cubic  feet  at  some  outlet.    Or  measure  the  amount  of  standing  water  by 


Thii  ditch  it  5  feat 

wide  and  3  fact  deep.     It 

iiai  bUatad  out  wilh  one 

row  of  ctu>ri«  pUcad  18 

nchei  aiut,  each  cbaiie 

conaistinc  ol  one  caitridt* 

[powdn.     AboDtlOOIee 

getting  iti  depth  and  extent.  Provide  ditch  enough  to  pau  the  volume 
present  in  the  required  time.  In  any  case  the  ditdi  should  be  big  enough  to 
dear  away  the  water  of  a  2  or  3  days'  rain  shortly  after  it  stops  craning  down, 
and  to  take  care  of  spring  floods. 

How  to  Make  Ditches  by  Blasting 

Ditches  are  blasted  by  loading 
suitable  charges  in  holes  made  in  a 
row  or  line.  Elach 
charge  of  explo- 
Description  of     sive   properly 
Blasted  Ditch      placed  for  ditch 
blasting    will 
blow  out,  rough- 
ly stated,  a  crater  which  is  half  to 
three-quarters  as  deep  as  it  is  wide. 
Nearly  all  the  dirt  is  thrown  out. 
Most  of  it  is  lifted  to  a  height  of 
about  200  feet  in  the  air,  requiring 
some  seconds  before  it  returns  to 
the  ground. 

The  sides  and  bottom  of 
blasted  ditches  have  6  to  12  inches 
of  loose  dirt,  which  can  be  left 
where  it  is  if  the  ditch  is  big  enough 
in  the  clear,  or  can  be  taken  out 
easily  and  cheaply  by  shoveling  or 
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with  light  hone  scnpen  if  s  larger  ditch  u  wanted.     Good  bluting  practice 
will  w  Imd  the  charges  that  the  ditch  as  cleaned  out  by  the  Uaat  vriU  be  hig 
enou^  in  the  clear  uid  will  require  very  little,  if  any,  hand  iinialung. 
FMng  Charges 

One  of  the  (int  things  that  must  be  considered  when  planning  to  make  a 
ditch  by  blasting  is  the  method  of  firing  the  charges  of  explosive.  Most  ctf  the 
rest  of  the  operation  hinges  on  the  firing  so  much  that  this  matter  must  be  de- 
termined before  even  buying  the  explosive. 

The  standard  practice  is  to  fire  &11  charges  electrically,  as  will  be  described 
immediately  following.  This  method  is  sure  in  results  under  any  conditinis. 
Ordinary  cap-and-fuse  firing  cannot  be  used  successfully  in  ditching,  exctpt  by 
the  transmitted  detonation  nKthod  in  which  the  center  charge  only  is  set  (rff 
by  a  cap,  the  rest  being  fired  by  shock  transmitted  through  the  ground.  Tliis 
method  is  fully  explained  on  pages  89  to  92. 

General  MdhoJ  of  Firing 

E>itches  can  be  blasted  through  any  sort  of  ground  except  dry  sand  when 
the  charges  are  fired  in  this  way.    The  procedure  is  as  follows: 

The  charges  are  prepared  for  loading,  with  electric  blasting  caps,  in  the 
mannerdescribedon  pages  )30and  151.  Prime  each  charge.  Holes  are  made  in 
the  ground  on  the  ditch  line  and  the  charges  are  loaded  as  described  in  follow 


Tnlo] loadiac of  Aitch  blul loritnisht  alactriccl  QrlBf  dI  (U  i:hufei  tor  3H'x T' ditca. 

The  holes  or  charges  should  be  spaced  30  to  40  inches,  and  where  very 
heavy  charges  are  used,  as  much  as  50  or  60  inches  apart.  They  must 
be  dose  enough  together  so  that  all  the  earth  between  each  two  will  be  thrown 
out  clean,  leaving  no  ridges  in  the  bottom  of  ditch.  Thirty  inches  ought  to  be 
close  enough  under  any  conditions  of  soil  and  size  of  charge.  The  only  way  of 
determining  definitely  just  how  far  apart  the  charges  should  be  is  to  make  test 
shots,  as  suggested  on  page  98,  in  the  discussion  of  amount  of  explosive  required 
for  charges.  As  many  charges  should  be  loaded  as  your  electric  current  can 
fire. 

The  actual  firing  is  done  by  connecting  the  wires  of  all  the  charges  and  send- 
ing  an  electric  current  through  them.  An  electric  blasting  machineshould  be  used 
to  supply  current,  though  power  or  light  current  can  be  used.  A  full  discussitm 
of  the  details  of  how  to  connect  wires  and  to  fire,  is  ccmtained  in  the  special 
chapter  on  the  subject  in  the  latter  part  of  this  bulletin. 

You  can  fire  as  mac^  charges  as  your  blasting  machine  will  handle.  The 
machines  are  made  in  dificrent  sizes,  to  fire  3  to  ISO  charges  at  once.  f*rocure 
a  large  machine  if  you  have  miles  of  ditch  to  blast,  but  if  you  have  only  a  few 
hundred  yards,  a  SO-charge  machine  is  big  enough. 


The  proper  explosive  for  bUsting  ditches  by  this  method  depends  somewhat 
on  the  soil.  In  all  clay  and  heavy  soils  use  20%  ammonia  dynamite,  and  for 
large  ditches  use  30  %  or  40  %  ammonia  dynamite  except  when  the  work  is  under 
water.  (See  page  154.)  In  blasting  ditches  in  wet  sand  or  other  light  ground 
use  50%  nitroglycerin  dynamite.  Where  charges  must  remain  imder  water  more 
than  half  an  hour,  use  nitroglycerin  explosives  only,  for  ammonia  explosives  will 
deteriorate  if  soaked  for  excessive  periods  of  time.  It  is  well  to  use  a  low- 
freezing  grade  of  the  explouve  at  any  time  of  the  year,  since  this  guards  against 
chilling,  and  insures  a  more  thorough  detonation  tx  the  explosive  1^  the  blasting 
cap. 

Electric  blasting  caps,  connecting  wire,  leading  wire  and  blasting  machine 
with  the  other  tools  needed  for  loading,  are  the  supplies  demanded  for  ditch 
blasting  by  this  method. 

Depth  for  holes,  amount  of  explosives  per  charge  and  many  other  details 
of  the  loading  are  discussed  on  pages  95  and  97. 

TTonamitUd  Firing 

When  the  ditch  is  to  be  blasted  through  ground  that  is  saturated  with 
water,  the  method  of  transmitted  firing  oftoi  can  be  used  to  advantage.  In 
txrtia  to  insure  its  complete  and  imquestioned  success,  the  water  must  cover 
the  charges  and  had  better  rise  in  (he  holes  nearly  to  the  surface  of  the  ground. 

Under  such  conditions  transmitted  detonation  can  be  expected  to  succeed 
even  in  sandy  ground  and  gravel.  It  is  in  muck  and  clay  fully  saturated  with 
water  that  the  method  is  most  successful. 


Sbowtna  tnka)  loadlnc  ol  tmumitlsd  dctouittoii  dltcb  blu^-fIIH  arins -lor  JM'iT'dildi. 

Transmitted  firing  is  made  possible  by  the  fact  that  high  explosives  can 
be  fired  by  shock  (as  by  that  given  by  a  cap,  for  instance).  Under  tbe  conditions 
of  soil  described  above  and  of  proper  loading,  the  shock  of  the  explouon  of  one 
charge  will  travel  through  the  ground  and  water  with  enough  force  to  fire  the 
not  charge,  and  so  on  down  the  line.  So  rapidly  docs  this  take  place  that  in 
a  line  c^  charges  hundreds  of  feet  long  you  cannot  see  any  difference  in  time 
between  the  middle  and  end  explosions. 

If  cartridges  of  explosive  are  laid  on  a  plank  a  foot  apart  and  one  of  them  is 
fired  with  a  cap  and  fuse  or  otherwise,  tlie  others  likely  will  be  exploded  by  the 
e  proj^ted  through  the  air.    In  actual  ditching  work  the  shock  <d  one 


charge  cannot  be  <]epen<]ed  on  to  travel  through  the  ground  strongly  enough 
to  bring  about  full  and  complete  detonation  more  than  a  couple  of  feet. 

The  usual  distance  apart  that  is  beat  for  charges  to  be  fired  by  transmitted 
detonation  is  1 5  to  20  inches.  The  exact  distance  in  any  particular  soil  at  any 
time  must  be  determined  by  test  shots.  Try  a  shot  of  8  or  10  charges  (of  the 
amount  of  dynamite  and  at  the  depth  of  loading  required,  as  explained  on  pages 
97  and  98.  spaced  12.  15.  IR.  20.  22,  and  26mches  amrt. 

Careful  observation  of  the  blast  resulting  will  show  the  point  beyond  which 
charges  fail  to  explode  or  explode  weakly.    The  cor- 
rect spacing  of  charges,  to  insure  full  detonation,  will 
Spacing  of  Charges      be  about  two-thirds  of  this  limit. 

One  charge  may  fire  another  at  a  greater  dis- 
tance than  is  economical,  because  it  merely  may  ex- 
plode it  weakly,  without  developing  anything  like  the  full  force  and  speed. 
And  on  top  of  that,  each  weaker  explosion  sends  a  still  weaker  one  on  to  the 
next  charge,  till  a  point  is  reached  a  few  charges  away  where  the  shock  trans- 
mitted is  not  enough  to  bring  about  firing  at  all. 

Tliis  weakening  of  the  transmitted  shock  is  important,  because  the  strength 
of  an  explosion  of  dynamite  depends  on  the  seventy  of  the  shock  which  fires  it. 
For  illustration,  and  not  that  these  figures  bear  any  relation  to  the  true  amount 
of  force,  if  the  first  charge,  the  one  fired  with  a  cap,  gives  off  1 0  pounds  of  energy 
in  the  form  of  a  shock,  and  this  1 0  pounds  is  diminished  to  8  pounds  by  the  time 
it  reaches  the  next  charge,  this  second  charge  will  not  detonate  with  quite  10 
pounds  of  shock  energy.  <It  may  have  only  9  or  8.  And  in  turn,  the  shock 
energy  from  it  will  be  diminished  to  6  or  7  on  reaching  the  third  charge.  If  the 
particular  kind  of  explosive  used  requires  a  full  6  pounds  of  shock  to  detonate 
it  completely,  the  transmitted  method  of  firing  is  going  to  fail.  Even  of  those 
charges  which  do  explode,  half  will  give  much  less  than  their  full  force. 

Water  is  not  elastic,  but  air  is,  and  dry  soil  is  and  absorbs  shock  because 
it  contains  a  good  deal  ttf  air.     The  gases  of  an  explosion  drive  water-soaked 


■urn  u  nnooth  ud  la  itnJ^t  u  whh  catUni.   Aa  aBort  w ,  __„  _ 
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ground  a>  &  steel  rod  can  be  driven  by  a  hammer.  In  it  there  is  but  little 
"give,"  hence  the  shock  travels  with  a  minimum  of  loss  in  force.  In  dry 
groimd  the  air  cushions  the  blow  of  the  gases  and  eases  them  to  a  standstill 
within  a  short  distance.  Clay  is  more  solid  than  sand,  and  this  explains  why 
transmitted  detonation  works  better  in  heavy  soils  than  in  light  ones. 

The  nature  of  the  ground  and  the  amount  of  water  present  therefore 
largely  govern  the  spacing  of  charges,  though  a  large  charge  of  course  will  throw 
a  shock  slii^tly  farther  than  a  small  one. 

As  will  be  seen  from  foregoing  named  facts,  the  effects  of  lack  oi  water 
and  of  light,  spongy  or  sandy  ground,  can  be  counteracted  somewhat  by  set- 
ting charges  closer  together.  When  necessary  it  is  practicable  to  put  them 
only  a  foot  apart.  To  put  them  closer,  however,  is  not  practicable,  for  it  cost) 
too  much.  On  the  other  hand,  when  the  charges  are  heavier  than  ordinary — 
say  of  two  cartridges  or  more — in  wet,  heavy  ground,  they  may  E>e  spaced  up  to 
26  inches  apart  with  satisfaction. 

Temperature  influences  transmitted  detonation  only  by  reason  of  the  fact 
that  explosives  are  less  sensirive  to  shock,  and  harder  to  fire  when  cold  than 
when  warm.  All  grades  explode  easiest  when  at  a  tempera- 
ture of  70  to  80  degrees.  Straight  nitroglycerin  dynamite 
Tenq>erature  must  be  used  at  a  temperature  of  higher  than  50  degrees, 
of  Ground  It  is  not  well,  for  many  reasons,  to  attempt  to  Are  too  many 

charges  at  once.  Several  hundred  can  be  fired  successfully 
sometimes,  but  the  usual  limit  had  better  be   50   to   60. 

When  the  nature  of  the  ground,  amount  of  water  present  or  temperature  are 
not  of  the  best  for  securing  transmitted  detonation,  matters  may  sometimes  be 
helped  by  taking  advantage  of  the  fact  that  blasting  caps  are  much  more  sen- 
sitive to  shock  than  the  explosive  itself.  Place  a  common  blasting  cap.  without 
a  fuse,  but  with  the  open  end  filled  with  tallow,  every  25  to  50  feet.  These 
caps  may  help  to  restore  the  diminished  force  of  explosion,  making  satisfactory 
detonation  extend  much  farther  than  it  would  without  them. 


TCtloa  hdpad  to  tau  cntlnlT  looas  and  threw  out  itnmpi  *nd  rooU,  lewiiu  the  edt«  compantlTdT 
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Stones,  roots  and  old  logs  interfere  with  transmitted  detonation.  When 
these  are  located  in  the  line  of  the  ditch  it  is  necessary  to  fire  charges  on  both 
sides  of  them  as  at  the  beginning.  Pay  careful  attention  to  changes  in  soil  as 
you  work  along  the  ditch  line.  It  may  be  necessary  to  shorten  the  spacing, 
or,  again,  it  may  be  possible  to  lengthen  it  and  save  money. 

The  firing  of  the  line  of  charges  by  the  transmitted  detonation  method  is 
done  by  loading  the  required  number  of  charges  without  priming  or  with  caps 

and  no  fuse  as  described  above,  all  except  the  center  charge 
Prime  Center  of  the  row.  In  it  place  a  double  charge  of  explosive,  or  at 
Charge  least  an  extra  cartridge  of  explosive,  primed  with  cap  and  fuse 

or  with  electric  blasting  cap.  Fire  this  charge  in  the  usual  way. 
Sometimes  an  electric  blasting  cap  placed  at  each  end  as  well  as  at  the 
middle  of  the  line  will  fire  difficult  charges  successfully.    Once  in  a  while  the 
electric  blasting  caps  may  be  needed  even  closer — say  every  3  to  5  charges. 

llie  proper  explosive  for  transmitted  firing  ditch  blast- 
The  Explosive  ing  is  nitroglycerin  dynamite  of  50%  strength— ^ther  regular 
to  Use  or    low-freeang.    The    20%    strength    dynamites    recom- 

mended for  electrical  firing  cannot  be  used  at  all  under  this 
method,  because  they  are  not  sensitive  enough. 

Summary  rf  Firing  Fads 

Transmitted  firing  requires  only  the  explosive  itself,  and  a  ci^  and  some 
fuse  for  each  couple  of  hundred  feet  of  ditch,  while  electrical  firing  requires 
wiring,  an  electric  blasting  cap  for  each  charge  and  a  blasting  machine  or  other 
source  of  current.  This  advantage  of  the  former  method  very  often  is  c^set, 
however,  by  the  fact  that  it  requires  nearly  twice  as  many  holes  as  electric 
firing.  It  is  easier  to  load  two  cartridges  in  one  hole  than  to  make  two  holes.  In 
addition,  electric  firing  always  can  be  depended  on  for  the  desired  results,  while 
transmitted  firing  will  succeed  only  when  the  ground  is  full  of  water.  As  for 
quantity  of  explosive  required  by  each  method  to  excavate  any  certain  ditch 
where  either  can  be  used:  In  theory  the  two  methods  require  about  the  same. 
In  practice,  however,  more  will  be  used  in  transmitted  firing,  unless  the  work  is 
done  very  skillfully.  The  saving  in  the  use  of  this  method  comes  largely  from 
a  saving  of  electric  blasting  caps  and  time,  and  the  need  for  little  equi^xnent. 

Preparation  of  Ground  and  Loading 

During  the  early  days  of  ditch  blasting,  before  experiments  had  standard- 
ized practices,  much  objection  was  taken  to  the  ragged  edges  of  ditches  blasted 

through  sod  and  through  brush  and  woods.    The  sod  would 

not  tear  loose  and  fly  away  from  the  ditdi.    It  would  either 

Cutting  Roots      fold  back  and  make  a  ridge  along  the  ditch,  or  it  would  flop 

and  Sod  back  into  the  ditch  after  the  dut  beneath  had  blown  out. 

The  remedy  is  to  cut  the  sod  and  roots  ak>ng  the  edges  of 
ditch  before  blasting. 
When  there  is  sod,  two  furrows  should  be  plowed  along  the  ditch  line — 
one  at  each  edge.  Another  plan  is  to  cut  along  the  sides  of  the  ditch-to-be  with 
a  spade,  axe  or  hay  knife.  In  case  the  line  of  the  ditch  runs  past  trees,  or 
through  brush  or  forest  land,  the  roots  should  be  cut  on  both  sides  the  ditch. 
An  axe  is  needed  for  the  big  roots.  Where  there  are  many  roots  the  ground 
should  be  cut  18  inches  deep. 

Make  the  cut  at  the  angle  the  side  of  the  ditch  should  have,  say  about  45 
degrees.  The  blast  will  clean  out  the  dirt  to  the  cuts  and  will  leave  the  wall 
on  the  outside  firm  and  intact.    Cutting  the  edges  of  the  ditch  saves  trouble 
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and  work  after  blatting.  It  inturei  th&t  tKe  aide*  and  edges  of  the  ditch  will 
be  M  ttraight  as  though  the  ditch  was  shoveled  by  hand  or  plowed.  But  it 
should  not  be  understood  that 
ditches  cannot  be  blasted  without 
cutting  the  ground.  Ej[cq}t  through 
extremely  heavy  sod  and  roots, 
explosives  used  alone  will  clean  out 
good  channels  when  loading  and 
'  firing  are  done  properly.    The  cut- 

ting of  the  edges  simply  males  a 
smoother,  more  complete  job. 

The  charges  should  be  placed 
along  the  center  line  of  the  pro- 
posed ditch,  except  where  the 
ground  is  harder, 
or  higher  at  one 
Locating  Line  side  Uian  at  the 
For  Holes  other,  when  they 

should  be  placed 
6  to  12  inches 
From  the  center  toward  that  side. 
The  eye  is  not  capable  of  keeping 
the  line  of  charges  true.  Stretch  a 
string  where  they  should  go.  In 
making  the  holes  the  man  should 
.  A  *"'^  taB^nco  d  whit  rerolti  from  im  Mt^pt      have  a   measuring  stick  to  space 

to  btail « ditch  tiuousn  hMTT  »od  without  Br«i  mltin*  ,  .   i  *-.  ."^ 

ihtiidM.  The  KKi  break!  looas  In  the  middle  of  the  .  them  accurately.  (lUcsswork  on 
SifiSS  SS'S.itifa.r'SS'aSTi."      tW.  poi„l »  UWy  to  ^  opa„[vt. 

(horeb  or  b«T-lcnifa,  oi  at  Islit  by  pkwiDC  hinowi.         into  the  ground. 

I^**"*'  It  is  much  easier  to  make  holes 

in  soggy  grotind  than  in  dry  ground.  In  fact,  it  is  almost  impossible  to  sledge 
down  a  bar  in  some  dry  ground.  When  there  are  no  stones,  a  soil  auger  often  is 
of  advantage,  though  the  bar  and  sledge  are  hard  to  beat  for  speed  and  re- 
sults.    Modification  of  the  up-and-down  position  of  the  cartridges  or  charges 


IT  deapeDins  ditch  with  bottodi  of  mod — ele< 


is  desirable  only  when  you  are  deepening  ditches  already  made,  with  bottoms 
of  thin  mud  or  thick  muck.  In  such  material  you  need  punch  no  holes.  Just 
pu^  the  cartridges  into  place  down  in  the  mud  with  your  hand  and  place  them  in 
a  horizontal  position  lengthways  of  the  ditch. 

n 


Prerenting  Dirt 
Falling  into  Ditch 


If  you  have  a  windy  day  for 
the  blasting,  with  the  air  drawing 
strongly  across  the  line  of  the 
ditch,  you 
will  be  sur- 
prised to  see 
how  far  the 
falling  dirt 
will  be  car- 
ried away  from  the  ditch  during 
the  few  seconds  it  is  in  the  air.  On 
a  quiet  day,  6  to  12  inches  of  dirt 
will  fall  back  into  the  ditch.  On 
a  windy  day  your  finished  ditch 
will  be  several  inches  deeper  and 
wider  than  on  a  calm  day.  Do  not 
take  h^nn  this  that  a  windy  day  is 
demanded  for  satisfactory  results. 
The  force  of  the  blast  spreads  and 
scatters  all  but  a  little  of  the  dirt. 
The  wind  merely  helps. 

When  water  covers  the  charges, 
be  sure  to  make  the  primed  car- 
tridges, and  the  cap  and  fuse, 
waterproof  with  tallow  or  parafBne 
at  points  where  they  join.  Tar  and 
thin  lubricating  grease  are  very 
poor  materials  for  waterproofing. 


When  water  covers  the  charges  you  should  arrange  to 
Waterproofing  load  them  and  to  fire  them  quickly.  A  good  plan  is  to  make 
Charges  all  the  boles  for  one  section,  then  prepare  the  charges,  as  to 

priming  and  waterproofing  and  distributing  them  along  the 
line.  Quickly  test  each  hole  for  fallen  stones,  caved-in  dirt,  and  push  the 
charges  to  the  bottoms  of  the  holes.  It  is  best  to  limit  their  soaking  to  a 
half  hour.    The  explosive  is  likely  to  weaken  if  left  too  long. 

If  the  holes  cave  in  soon  after  the  bar  is  withdrawn,  do  not  attempt  to 
load  and  blast  long  sections  at  a  time.  In  loose  gravel  and  sand,  espedally 
where  water  covers  the  surface  or  nearly  so,  you  will  have  trouble  getting  the 
charges  down  to  the  bottoms  of  holes.  The  best  plan  is  to  get  a  tin  tube 
about  1  yi  inches  in  diameter  and  sink  it  in  the  hole  over  the  bar.  The 
explosive  then  can  be  loaded  without  trouble  when  the  bar  is  withdrawn. 

Generally  speaking,  a  ditch  charge  should  be  tamped  slightly.  The  more 
tamping  you  use  the  broader  your  ditch  will  be  in  propor- 
tion to  its  depth.  If  you  want  a  narrow  ditch  you  must 
let  the  gases  rip  their  way  upward  easily.  In  dry  or  damp 
ground,  fill  the  hole  about  half  full  and  tamp  well.  When 
water  rises  high  in  the  hole,  use  no  tamping  at  all,  except 
to  tramp  shut  the  upper  6  inches. 
The  ground  had  better  be  warm  for  ditch  blasting.  If  it  is  cold  you  must 
load  and  fire  the  charges  quickly,  to  prevent  chilling  of  the  explosive.    A  light 


An  «pl«h)D  thram  Uw  euth  »  hiih  Uut  the 
slicht  >ddltioa«l  depth  ot  helifat  lA  aldM  mM  with  In 
daapsnins  ■  ditch  dos*  not  intaifne  mateilillj  with 
the  eiuratiac  nctloa  of  Iha  Uaat  Piobntily  a  little 
dirt  ii  caufhl  ud  rolled  hack  h;  Iha  alda  walli,  hot 
the  pareenlaga  of  the  total  lifted  la  iraalL 


Tamping  Ditch 
Charges 


emit  of  frozen  ground  makes  little  difference  when  charges  are  handled 
properly;  more  than  ]/ito^  inch  will  interfere  seriously. 

Regulating  Depth  and  Width 
The  dirt  will  clean  out  6  to  8  inches  deeper  than  the  bottom  end  of  the 
charges  when  conditions  are  normal.    Explosives  worlc  more  efficiently  in  ditch 

blasting  when  they  are  placed  as  shallow  as  possible. 

When  the  holes  are  too  deep  an  excessive  amount  of 
Depth  for  Chaiges     explosive  is  required.    A  layer  of  hardpan  or  cemented 

gravel  in  the  ground  to  be  removed  requires  sHghtly 

deeper  placing  than  soft  ground.  The  rule  for  the 
usual  job  is  to  place  the  charges  within  6  inches  of  the  bottom  depth  desired, 
and  for  large  ditches  and  heavy  charges  within  10  or  12  inches  of  the  desired 
depth.     The  exact  depth  may  be  ascertained  by  trial  shots. 

The  greatest  depth  it  is  practicable  to  blast  at  one  shot  is  about  6  feet. 
If  a  deeper  ditch  is  wanted,  blast  a  second  time  in  the  bottom  of  the  first  ex- 
cavation. (See  table  on  page  96  for  depths  for  charges.)  The  blasting  out  trf 
very  large  canals  should  proceed  along  these  lines.  They  involve  no  principles 
not  explained  for  the  making  of  small  ditches. 


A  ehuingl  35  Igel  wldg  and  < 

tba  Ddna  little,  bat  in  tbs  nttlL  ._.   .         .._. 

vpaoad  iL   Th«  eo«Eo(nchdltchJiiic4DDe  ficurvd  Rccuzmtflly  in  adnuica  when 


M  ktad  at  aoQ  and  ita  coudltfani  cnuldand,  a 


One  line  or  row  of  charges  frequently  will  make  a  ditch  up  to  10  feet  wide 
and  6  feet  deep.    To  make  wider  ditches  use  2  or  more  rows. 

Usually  2  rows  of  charges  will  be  needed  for  ditches  between  8  and  12  feet 
wide  if  less  than  4  to  6  feet  deep,  and  3  rows  for  ditches  12 
to  1 8  feet  wide. 
Wide  Ditches  The  lines  or  rows  of  charges  should  be  placed  about  4 

feet  apart,  except  where  the  charges  consist  of  more  than  4 
cartridges  and  are  close  together  in  the  rows  on  account  of 
transmitted  detonation,  when  the  rows  may  be  as  much  as  6  feet  apart.     In 
blasting  out  very  wide  and  shallow  ditches  or  canals,  it  sometimes  is  of  ad- 
vantage to  load  2  rows  with  light  charges  rather  than  to  attempt  to  blast  out 
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Two-raw  Atct  blut 
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the  ditch  to  the  require<l  width  with  one  row  heavily  loaded.    The  heavy 
charges  might  dig  deeper  than  required.    (See  table  on  page  98.) 

-  Invariably  all  the  rows  should  be  fired  together.  This,  of  course,  is  ac- 
complished when  the  electric  method  of  firing  is  used.  When  using  the  trans- 
mitted detonation  method,  put  in  extra  charges  between  the  rows  at  the  center 
charge*,  and  then  lire  one — usually  the  center  charge  of  the  middle  row — with 
a  cap  and  fuse.  AH  these  center  charges  and  extra  charges  should  be  heaoitr 
than  usual  Put  in  an  extra  cartridge,  at  least.  A  still  better  way  with  trans- 
mitted detonation  is  to  fire  the  center  charges  of  all  the  rows  together  electrically. 


A  pond  amnlwl  entiiiily  bj  blutini;.  Sttb*!  roifi  at  clui|«  wsie  loaded  and  bw]  ■bniil- 
ttncmwlT.  The  wind  cuiled  the  auth  to  o&s  ilde,  foidnt  it  to  full  on  ndJoiBmi  (round  inttMid  •>( 
back  iato  th>  bola  blown  oot.     (H.  S.  Ellis,  Ashlind,  If.  J.) 

Amount  of  Exploiive  Repaired 
Before  giving  tables  of  the  average  amount  of  explosive  required  for  vari- 
ous sized  ditches,  it  is  well  to  describe  a  few  typical  examples  of  ditches  that 
have  been  blasted,  of  which  records  were  kept. 

In  a  clay  soil,  with  water  rising  almost  to  the  surface  of  the  ground  in  the 

holes  punched  for  charges,  charges  of  one  cartridge  of  straight 

nitroglycerin  explosive  placed    18  inches  apart  and  30  inches 

Examples      deep  blew  out  a  ditch  4  feet  deep,  3  feet  wide  at  the  bottom  and 

7  feet  wide  at  the  top. 

In  a  similar  soil,  with  leas  gravel,  charges  of  one-half  cartridge 
of  straight  nitroglycerin  explosive  placed  13  inches  apart  and  18 
inches  dew  made  a  ditch  2^  feet  deep  and  5  feet  wide.  At  another  point  in 
the  same  field,  on  the  same  day,  charges  of  2  cartridges  (one  pound  of  same  ex- 
plosive), placed  30  inches  deep  and  24  inches  apart,  made  a  ditch  9  feet  wide 
and  4  feet  deep. 

In  loam  ground,  too  dry  for  successful  transmitted  detonation  but  still 
somewhat  damp,  charges  of  2^^  cartridges  placed  2^^  feet  deep  and  3  feet  apart, 
and  fired  electrically,  cut  a  ditch  4  feet  deep,  8  feet  wide  at  the  top  and  2  feet 
wide  at  the  bottom. 

Through  a  thicket  with  brush  and  small  trees  measuring  1  to  3  inches  in 
diameter,  in  heavy  pure  loam  well  soaked  with  water,  charges  of  2  cartridges  of 


straight  nitroglycerin  dynamite  placed  22  inches  apart  and  3  to  33^  feet  deep 
made  a  ditch  4  feet  wide  at  the  bottom.  The  ditch  was  loaded  too  heavy. 
Charges  of  1^  cartridges  would  have  been  better. 

In  very  wet  and  miry  clay»  a  ditch  20  feet  wide  at  the  top,  12  feet  wide  at 
the  bottom  and  6  feet  deep  was  blasted  with  3  rows  of  charges  of  straight  nitro- 
glycerin explosive.  All  the  charges  were  spaced  20  inches  apart  in  the  rows. 
The  charges  in  the  middle  row  were  IJ^  to  134  cartridges,  varying  a  little  on 
account  of  variations  in  the  soil  along  the  ditch.  In  the  two  outside  rows 
the  charges  were  one  cartridge  each.  The  rows  were  placed  4  feet  apart.  One 
section  of  the  same  ditch  was  cut  out  to  a  depth  of  nearly  8  feet  by  using  13^ 
cartridges  to  the  charge  in  the  2  outside  rows,  and  3  cartridges  to  the  charge  in 
the  middle  row. 

When  the  ground  is  fairly  heavy  and  is  full  of  water  you  can  count  on  each 
pound  of  explosive  properly  placed  to  clean  out  13^  to  2  cubic  yards  of  earth. 

The  variations  from  this  rule,  both  ways,  will  be  on 

account  of  the  presence  or  absence  of  water,  the  nature 

Amount  Excavated    of  the  soil  and  the  size  of  the  ditch.    A  ditch  made 

By  One  Pound  of        with   a  single  line  of  charges  (measuring,  usually. 

Explosives  3  to  4  feet  deep  by  3  feet  wide  at  bottom  and  6  to  7 

feet  wide  at  top),  will  give  the  highest  efficiency, 
and  when  the  conditions  are  very  favorable  will  show 
even  a  little  more  than  2  cubic  yards  per  pound  of  explosive  used. 

As  the  amount  of  excavation  in  one  body  increases,  the  efficiency  of  each 
pound  of  explq^ive  will  fall  off  somewhat.  In  very  large  ditches  that  are  wet 
you  will  get  out  only  13^  cubic  yards  per  pound  of  powder.  In  dry  ground 
blasting,  particularly  if  the  ground  is  light,  134  ^^  eyen  one  cubic  yard  per 
pound  will  be  the  average. 

Number  of  Half -Pound  Cartridges  of  Explosive  Required  per  Charge  for 

Blasting  Ditches 


Depth 

Depth 

Amount  Charge 

Amount  Charge 

Ditch 

Hole 

Transmitted  Detonation 

Electric  Firing 

2       ft. 

iMft. 

}/2  cartridge 

J^  cartridge 

2Mft. 

2     ft. 

3^  cartridge 

1      cartridge 

3     ft. 

2Mft. 

1      cartridge 

13^  cartridges 

4     ft. 

3Hft. 

]}/2  cartridges 

23^  cartridges 

5     ft. 

4Mft. 

2     cartridges 

33^  cartridges 

6     ft. 

5     ft. 

23^  cartridges 

5      cartridges 

The  widtli  of  the  ditch  can  be  calculated  by  doubling  the  figure  for  the 
depth  in  case  of  a  single  row  of  charges,  or  in  the  case  of  more  than  one  row, 
by  adding  to  the  figure  for  double  the  depth  the  distance  between  the  rows 
of  charges. 

The  table  given  above  is  correct  for  average  conditions.  Since  variations  in 
soils,  temperature  and  other  factors  make  necessary  varying  loading,  the 
figures  here  should  be  used  as  a  guide  for  starting  test  shots. 

No  ditches  should  be  blasted  without  testing  the  loading  thoroughly  be- 
fore proceeding  with  much  work.    Blast  small  sections  at  a  time,  and  vary  the 

loading  to  suit  the  changes  in  the  nature  and  condition  of 

the  ground  you  encounter  along  the  ditch  line.    Clay,  sand. 

Making  muck,  loam  and  gravel  all  require  variations  in  depth  of 

Test  Loadings    charge,  amount  of  explosive  and  sometimes  in  spacing  of 

charges.    Proper  tests  will  enable  you  to  decrease  the  cost 
and  to  make  a  better  ditch  than  otherwise  would  be  possible. 

« 
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Tnial  MM  loadioc  to  detennia«  prapar  chu-cx  and  pUcioc  of  sipIohth  In  glictricil  firing.     Kote 
Ilia  Tuutiou  ia  apuinc  between  lialat  M  veil  ■■  in  aaunat  ot  eiplouTai  uaed.     (Ssa  pace  90.) 

Hve  to  ten  holes  make  agood  tett.   This  should  be  repeated   several 

times.    Vary  the  depth  and  spacing  and  the  amount  of  charges.     RanatAtr 

Otai  proper  hlasling  will  make  perfett  ditches  at  low  cost,  and  that  ifie  only 

final  way  of  idcrminini  proper  loading  is  to  try  II.     Well-balanced  charges 

will  be  so  loaded  and  spaced  that  the  gases  will  lift  the  Full  load  of  dirt  without 

overlapping  much  and  without  slcipping  any  ground  between.    Load  just  heavy 

enough  to  iiuure  clean  excavation  without  excessively  high  throwing  of  dirt. 

Making  3'foot  holes  in  clay  and  gravel,  preparing  charges,  loading  and 

firing  can  be  done  by  one  man  at  the  rate  of  20  to  50  charges  per  hour.    If 

there  are  many  stones  in  the  ground,  or  if  the  groimd  is 

hard,  the  work  will  go  more  slowly.    Wet  gravel  makes  slow 

Time  Required     work.   Two  or  more  men  will  get  more  done  in  proportion 

than  one  man.    Under  favorable  conditions  one  man  has 

blasted  out  1.000  feet  of  ditch  3  feet  deep  in  12  hours. 

OiM  man  should  be  able  to  blast  350  to  450  feet  of  ditch  per  day  through 

brushy  ground;  if  the  land  Jsclean  he  can  do  more,  though  wliere  ground  is  so 

dry  as  to  cause  trouble  in  making  holes,  the  work  will  go  slowly. 


A  craw  of  Un  men— el(Iil  Uboren,  odb  blutsc  ud  «  bon— worUna  at  a  bla  ditch.  Tbs  bd- 
irnent  at  m>  manr  men  la  not  ItMUfled  except  lot  mr  lont  ditches,  [or  the  Job  liata  onb  a  d«7  or 
«.  A  (Dod  died  e»w  enable*  the  blaater  to  plac«  and  to  Bn  the  charsaa  qvlcUr,  wbich  b  an 
InDtan  wban  tha  hole*  an  with  water  and  when  the  tnnpenttue  ia  low.  (Hai  Oitner,  DlaU- 
idl,lIo.) 


DiUh  blasters  ihould  have  a  soil  auger, 
two  crowbars,  a  sledge,  a  couple  of  long- 
handled  shovels  and  a  cutting  spade.    One  of 
the  bars  should  be  4  or  5  feet  long  and  should 
be  constructed  for  driv- 
ing.  The  other  should  be 
Tools  Required     6  or  7  feet  long,  and  may 
be  made  of  piping,  with 
a  solid  sharp  steel  point 
welded  in.    It  is  for  use  as  a  chum  drill,  with- 
out sledging.    A  broomstick  or  a  wooden  rod 
about  13^  inches  in  diameter,  for  pushing  the 
charges  down  and  tamping,  and  an  axe  to 
help  cut  roots,  also  are  handy.    Of  course, 
boxes  or  baskets  for  carrying  explosives,  cap 
crimpers  and  the  usual  outfit  for  handling  and 
loading  explosives  as  described  on  pages  36 
and  37,  will  be  required. 

Incidenlals 

Large  stumps,  stones  or  other  obstructions 

along  in  the  tine  of  the  ditch  require  a  little 

extra  explosive.     Stumps  up  to  6  inches  through  and  boulders  up  to   18 

inches    in    diameter    will    be    thrown    out  by    the    regular   ditch    charges. 


E 


Above  these  sizes  use  extra  loading,  as  follows:  For  each  6  inches  of  the  diameter, 
use  one  cartridge  of  explosive.     For  stumps  larger  than  30  inches,  use  3  to  4 


A  lociil  Idnd  of  crimper. 

cartridges  for  each  foot  of  diameter.     Put  the  extra  explosive  directly  under  the 
stump  or  stone. 


Btm  ia  pbca  chutM  imder  obitmctloBi  hi  ths  ditch  Ud*. 


. or^uy-kulfs.    TUi  ditch  li  well  ownsd 

a  lood  muv  pnjKlliic  dumb  of  lod  ar*  loft  Mlddof  (ram  tlw  ijd«t. 

ENtchct  blasted  through  ground  that  has  a  raw  surface  and  ho  roots  will 

require  no  finishing  afterwards.  The  edges  and  sides  should  be  fairly  true  and 
even  and  the  dirt  ^uld  be  well  scattered.  There  will  be 
few  or  no  ridges  along  the  ditch.    Even  through  sodded 

Wnlshipg  Ditch  ground  and  through  woods  and  brush,  when  the  sides  of 
the  ditch  have  been  cut  before  blasting,  there  will  be  little 
hand  work  needed.     If  no  preparatory  cutting  is  done, 

however,  some  shoveling  to  smooth  the  sides  and  sane  cutting  to  take  out 

projecting  roots  and  sod  may  be  advisable. 


TUi  ditch  was  hIaaUd  aal  oo  a  atOI  dav,  and  moit  cl  tha  dbt  fell  itraliht  hack  to  the  aronnd. 
It  II  ma  aaread  out  ao  that  ootr  a  litila  of  It  lell  In  the  dllch.  The  few  roota  pioleclisi  miD  tha 
■xantiDD  can  ha  cut  nfl  with  UMa  aonble.  It  la  Iha  roota  ot  lod  and  matted  loota  ot  amaDar  braah 
aad  tiaea  which  flra  the  trouble  In  blutbi(  and  leqniia  cottlai  beforehand.  (Bobail  JnnlMa,  BIr. 
"  -fcUa.) 


Thiir  wonc  sIiouM'be  dtAii  right  after  the  blut,  before  the  water  hs>  & 
chance  to  compact  the  sides.  If  necessary,  leave  dama  of  unblasted  sections 
3  or  4  feet  long  every  few  hundred  feet  in  the  ditch,  to  hold  back  the  water 
long  enough  for  finishing.  They  can  be  blasted  out  afterwards.  An  old  axe 
or  a  sharp  grubbing  hoe  or  adz  will  cut  the  ends  of  roots  easily.  But  all  this 
woHc  can  be  avoided  and  a  better  ditch  result  if  you  will  do  the  cutting  before 
the  blasting.  Large  clods,  pieces  of  stumps  or  roots  and  stones  in  the  ditch 
channel  after  blasting  should  be  thrown  out  without  delay. 

It  has  been  stated  (page  79)  that  ditches  for  tile  or  pipe  cannot  be  blasted 
out  satisfactorily.  The  dirt  can  be  loosened  with  light  charges,  however,  and 
the  shoveling  or  excavating  by  other  means  thereby  made  much  easier.  If  the 
pipe  is  to  be  placed  deeper  than  4  feet,  it  is  even  practicable  to  blast  a  3-foot 
or  deeper  ditch  on  top,  leaving  only  a  little  more  excavating  to  do  in  the  bot- 
t<xn.  One  must  bear  in  mind,  however,  that  the  blasting  throws  dirt  too  far 
away  to  be  shoveled  into  cover  piping.  Loosening  as  explained  above,  how- 
ever,  to  make  digging  easier,  does  not  throw  the  dirt  away. 


Isctric  blasting  mictiiaa — 


Blasting  Orchard  Soil 

The  blasting  of  soil  for  tillage  purposes  was  first  tried  more  than  a  generation 
ago.  Since  1 900  the  practice  has  beccnne  general  in  many  sections  of  the  country, 
particularly  in  those  localities  where  orcharding  is  one  of  the  main  businesses. 

The  experiences  of  individuals  and  of  official  investigators  have  not  been 
unifoimly  successful,  though  some  remarkable  results  have  been  secured. 
When  the  idea  c^  blasting  soil  for  tillage  first  was  freely  offered  to  the  public 
through  advertising  and  the  editorial  matter  at  farm  papers,  many  unjustified 
and  foolish  claims  were  made  for  it.  and  a  great  many  mistakes  were  made  in 
the  actual  blasting.  These  claims  and  mistakes  are  to  be  regretted,  because 
they  led  to  barren  or  damaging  results  and  to  uncalled-for  criticism  c^  proper 
blastii^. 

As  a  general  statement  of  the  proposition,  it  may  be  said  that  soil  blasting 
is  to  be  regarded  largely  as  inten- 
sive tillage.  Its  benefits  are  de- 
rived from  its  physical  breaking 
and  mixing,  opening  and  loosening 
of  the  soil,  and  show  themselves  in 
the  form  of  better  drainage,  an  in- 
creased supply  of  moisture  in  dry 
weather  and  better  root  pmetra- 
tion,  and  because  of  these,  in  the 
greater  fertility  oi  the  soil. 

The  movement  to  blast  soil 
was  at  first  popularly  called  "deep 
plowing"  or  "plowing  with  dyna- 
mite," but  most  farmers  have  come 
to  know  that  blasting  soil  is  in  no 
sense  plowing  it.  Blasting  will  not 
replace  ordinary  plowing,  nor  can 
plowing  be  made  to  do  the  work  of 
blasting. 

Tht   whole   malUr   of   orchard 

lillagt  and  feeding  must  bt  tal^en  up 

ahen  soil  blasting  for  tht  btn^t  of 

irea  is  to  be  considered  intelligently. 

.    ^    , .  .    ,        ,.      ^     ^  u    ^,    .■       Blasting  is  but  one  spoke  in  the 

TUb  11  ths  land  of  t«nilt  gtodncMl  by  blaiUni        ,       i        •  •      i_       t    ^t_ 
irowid  tibea  it  la  -wet,  and  nmctiniM  by  uiint  tiM-     wheel.      Much    01    thC   misconcep- 

s?i»*sSi.".v.7Ss:.i*r«iraSa»'Jir'  <»"  «i>iti>  «»tj  tcdw  rq.mjing 

SMimeui.  the  value  and  benefit  of  blastmg 

orchard  soil  is  due  to  failure  in 
grasping  this  fact. 

The  subject  necessarily  is  a  technical  one,  and  this  bulletin  must  deal  with 
chemical  and  mechanical  processes  of  the  soil,  using  technical  language  to  some 
extent.  But  as  far  as  possible  the  matter  is  kept  to  broad  general  principles 
known  and  accepted  by  the  great  majority  of  agriculturists.  The  problem  is 
to  find  out  wheUier  or  not  the  kind  of  tillage  which  blasting  gives  will  produce 
beneficial  results,  and  produce  them  at  a  cost  within  the  reach  of  commercial 
srcharding. 
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wfam  tfa«  cnnuid  vkb  much  drier  th 

. ^ „  ..  — . buQ'bUR  nsT«r  ihould  blow  out  ■ 

"hole."    Se«  pace  131. 

What  An  Orchard  Soil  Must  Do 

When  attempting  to  form  jutlgment  of  soil  tillage  by  blasting  or  to  explain 
it,  we  should  have  clearly  before  us  what  we  want  to  do  with  the  soil  and  what 
we  expect  the  soil  to  do  for  trees. 

The  purpose  or  idea  of  cultivation  of  orchards  is  to  get  profitable  growth 
and  yield  from  the  trees.  That  is  obvious.  We  want  the  greatest  net  profits 
possible  under  the  conditions  of  each  orchard.  No  one  pursues  a  system  (J 
cultivation  for  the  sake  of  the  system  itself,  although  the  fanner  or  fniit  grower 
does  a  great  deal  of  tillage  work  rather  blindly  and  without  knowing  just  why 
lie  docs  it  or  understanding  the  soil  processes  he  is  dealing  with. 

But  it  is  clear  that  to  make  trees  grow  and  yield  to  their  maximum  capacity, 
requires  so  far  as  the  soil  is  concerned,  enough  uxder,  su0icUtd  c^  the  right  plead 
foods,  and  root  anchorage  and  feeding  space.  These  3  essentials  for  growUi  arc 
delivered  to  trees  only  by  the  soil,  and  the  work  of  the  soil  consists  in  sup- 
laying  them  to  the  trees,     it  must  be  in  condition  to  deliver  them. 

The  Soil  Problems  in  Orchards 

Correct  fundamental  education  in  the  principles  of  soil  nature  and  man- 
agement  is  so  universal  nowadays  that  the  primary  facts  regarding  the  growth 
of  plants,  and  their  feeding  habits,  need  not  be  discussed  in  detail  in  tms  bul- 
letin.    It  is  enough  for  the  purpose  to  say  that  every 
The  Plant  Foods     reader  is  presumed  to  accept  the  facts  that  the  plant 
foods  which  have  to  be  supplied  are  nitrogen,  potash, 
t^osphorus  and  lime.     These  are  the  only  ones  out  ai  the  20  or  more  elements 
used  by  plants  as  food  which  run  short  in  the  soil,  largely  because  they  consti- 
tute the  great  bulk  of  the  materials,  aside  from  water,  that  are  taken  up  by 
trees.    The  source  cJ  supply  of  these  important  elements  are.  on  the  one  haiM. 
ID4 


artificial  fertilizers  and  manure,  and  on  the  other  hand,  the  soil  itself  (thotigh 
nitrogen  is  derived  from  the  air  by  means  of  soil  processes). 

The  vnta  problem  is  not  less  well  defined  and  understood.    To  some  extent 
it  conasts  in  draining  away  surplus  water  from  wet  places  and  swamps,  and  in 
making  certain  of  the  effective  drainage  of  all  land  during  winter,  spring  and 
rainy  periods  of  summer.    To  a  greater  extent  it  is  a 
Drainage  and  matter  of  storing  enough  water  for  the  use  of  the  trees 

Moisture  Storage    during  the  growing  season.    No  orchardist  questions  the 
fact  that  the  lack  of  moisture  very  often  is  the  limiting 
factor  in  growth  and  crt^  production.    The  moisture  problem  perhaps  is  the 
roost  serious  one  which  fruit  growers  have  to  face. 

Root  anchorage  and  feeding  space  (considered    as  one  factor)  give  rela- 
tively leu  trouble  than  either  a  correct  water   supply  or  a  proper  supply 
d  plant  food.      The  latter  factors  must  receive  attention  in  all  soils;  the 
former  only   in  certain  soils  of  a  hard   or   iminviting   nature,   or   which 
are   in    bad   condition   owing   to    improper  treatment.     A    li^t,   porous, 
fertile  soil  offers  no  difficulties   to  rooU  in   their    penetration    and   food 
gathering,  but  a  hardpan  soU.  a 
heavy  clay  or  a  cemented  gravel 
soil  does  offer  serious  difficulties. 
All  orchardists  agree  that  an 
extension  of  the  root  anchorage 
and  feeding  scope  (rf  trees  is  bene- 
ficial and  desirable.     Authorities 
continually    remind  us  that  we 
should  drive  the  roots  dovm  away 
from  the  surface.     One  of  the 
test<  of  the 
Root  Anchorage      thrift    of   a 
and  Spread  tree   is   to 

examine  its 
roots  for  the  size  and  nature  of 
their  growth.  If  they  are  long, 
ropelike  and  few,  the  tree  is 
starving.  If  they  show  as  a  mass 
of  libers  growing  from  well  pro- 
portioned main  branches,  which 
extend  to  a  fair  distance  in  every 
direction,  the  soil  is  full  of  the 
rieeded  foods  and  moisture.  Only 
trees  which  are  firmly  and  deeply 
rooted  will  stand  up  against  wind- 
storrns  and  under  loads  of  fruit. 
It  Is  largely  to  bring  about  the 
conditions  outlined  that  orchard 
ground  is  cultivated. 


Ibrir  Ont  leuoa  afln  plulfau.  Tbe  one  on  tbe  left 
had  lM«a  Mt  Id  id  ofdmu7  hole,  dut  ai  luiul.  The 
ouoo  the  rifhtbadbMnMliBbLutedcround.    The 


What  Soil  Is 

The  material  we  call  soil  may  be  described  as  the  outer  layer  of  the  earth. 

The  soil  includes  loam,  clay,  sand,  gravel,  boulders  and  even  ledges  of  rock. 

To  limit  the  soil  to  the  earth  penetrated  by  roots  would  leave  out  other  material 

undnneath  (rf  exactly  the  same  stuff.    To  limit  it  to  what  we  call  loose  earth. 
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leaving  out  rock,  shale  and  the  like,  would  not  be  correct,  since  the  rock  and  the 
soil  are  composed  of  the  same  elements.  Often  the  point  where  "soil"  begins 
and  "rock"  ceases  is  indistinct,  as  in  the  case  of  hardpan,  for  instance. 

The  loose  earth,  or  ground,  is  only  particles  of  rock  that  have  been  more 
or  less  changed  by  and  mixed  with  the  remains  of  plants.    There  was  a  time 

when  there  was  no  loose  soil.  The  surface  was  rock.  As 
Origin  of  Soil    the  seasons  passed,  water  dissolved  and  wore  away  particles 

of  the  rock.  After  a  time  mosses  and  rock  plants  appeared 
and  sent  their  roots  into  crevices.  The  roots  grew  and  helped  to  split  off  other 
fragments,  and  when  the  plants  died  their  material  gave  off  acids  which  helped 
the  water  to  dissolve  more  rock  and  to  dissolve  it  faster. 

Frost  and  heat  from  the  sun  hastened  the  processes  till  the  softer  minerals 
separated  from  the  harder  ones,  and  what  was  not  washed  away  by  running 
water  caved  in  and  became  mixed  with  dead  moss  and  the  decaying  roots  and 
stalks  of  grass  and  other  plants. 

This  is  soil  at  the  present  time,  whether  it  is  hard  or  soft 

The  top-soil  of  cultivated  land  ordinarily  shows  a  much  more  advanced 
stage  of  this  breaking  down  process  than  the  subsoil.    The  top-soil,  which 

usually  is  the  layer  reaching  to  the  furrow  depth. 
Top-soil  and  Subsoil    generally  is  darker  colored,  from  the  greater  amoimt 

of  remains  of  plants  it  contains.  It  differs  from 
subsoil  in  porosity,  moisture  content,  bacterial  activity  and  in  other  ways 
which  will  be  explained  fully  farther  along  in  this  bulletin. 

Whatever  the  difference,  U  is  largely  a  difference  in  the  stages  of  decompo- 
sition or  disintegration  of  the  mineral  particles,  and  of  the  amounts  of  organic 
matter  present.  Both  surface  and  lower  soils  are  essentially  of  the  same  chemi- 
cal make-up  and  they  both  may  have  come  from  identically  the  same  kind  of 
rock.  The  ground  near  the  surface  has  been  exposed  to  action  of  heat  and 
cold  and  water  and  air  and  plants,  and  has  been  changed  more  than  the  ground 
under  the  surface.  The  more  the  soil  is  broken  down  from  the  original  rock 
the  finer  the  particles  are,  and  in  general,  the  more  fertile  it  is. 

It  is  well  at  this  point  to  call  attention  to  the  latent  strength  in  the  soil, 
to  counteract  any  tendency  toward  the  belief  that  you  must  put  back  in  as 
much  as  you  take  out.    The  soil  is  not  a  sort  of  empty  mill  into  which  you 

pour  plant  food  and  take  out  crops.  It  is  to  a  large 
The  ^'Strength''  in  Soil  degree  an  inexhaustible  mine  of  many  plant  foods. 

As  evidence,  look  at  the  immense  growth  that  has 
arisen  from  it  in  moss,  weeds  and  forests  during  the  thousands  of  years  past. 
If  all  this  growth  were  piled  up  it  likely  would  weigh  as  much  as  the  soil  itself 
to  a  great  depth.  In  the  soil  and  air  now,  waiting  to  be  released  and  used,  is 
substance  enough  to  create  food  for  all  the  people  of  the  earth  for  years  without 
end.  In  the  soil  of  your  own  orchard  and  farm  you  likely  have  nearly  all  the 
plant  food  elements  your  crops  ever  will  need.  Make  them  available  for  roots, 
add  to  the  supply  the  few  that  are  short,  and  in  crops  you  can  profit  from 
nature's  riches  as  surely  as  though  you  were  digging  gold  or  coal. 


106 


The  Relation  of  Tillage  Blasting  to  Soil 

That  "tillage  is  manure"  is  no  new  thought.  The  phraie  it»elf  originated 
ft  great  many  years  ago.  The  proof  of  its  truth  lies  in  the  very  nature  of  soil 
itself,  which  has  been  explained  in  the  preceding  chapter.  Tillage,  which  is 
the  stirring  and  mixing  of  soil,  promotes  and  helps  these 
Tillage  Produces  natural  processes  which  first  changed  the  rode  into  soil. 
Fertility  and  which  now  tend  to  make  the  soil  fertile. 

A  good,  deep  plowing,  followed  by  thorough  harrow- 
ing,  opens  up  the  soil  so  that  roots  can  penetrate  it  easily.  It  introduces  air.  It 
helps  to  maintain  moisture  in  dry  weather.  It  exposes  a  new  part  of  the  soil 
to  frost  and  to  sun.  A  new  supply  of  the  plant  food  elements  whidt  the  soil 
contains  is  liberated,  or  it  is  better  to  say  their  liberation  is  hastened,  and  trees 
are  given  a  better  chance  to  grow. 

The  so-called  "run-down"  or  "worn-out"  soils  contain  almost  as  much  of 
most  plant  food  elements  as  ever.  But  instead  of  the  soil  being  soft  and 
mellow,  it  has  reverted  and  become  harsh.  A  run-down  soil  shows  under  chem- 
ical analysis  a  composition  not  greatly  different  from  what  it  does  before  becom- 
ing exhausted  or  after  it  is  made  fertile  again.  The  only  vital  differeiKe  is 
the  sttde  or  condition  of  the  plant  food  elements. 

Tillage  alone  of  course  will  not  keep  land  from  running  down.  Plants  also 
are  needed  for  supplying  vegetable  matter  in  the  soil.  Their  dead  roots  and 
stalks  hold  the  particles  ai  the  soil  in  crumbs,  increase  its  moisture  holding 
capacity  and  help  to  maintain  conditions  imder  which  further  decomposition 
occurs  continually.  Without  tillage  the  plants  will  not  grow  or  at  least  wiU 
not  become  mixed  with  soil  farther  down  than  a  few  inches. 


Clucn  tma  Hum 
ntonllT  b  no  ' 
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Under  wild  or  forest  condition*  with  no  tillage,  the  fertUity  of  the  soil  U 
maintained  and  even  increased,  but  the  processea  are  very  sbw  and  the  result 
is  long  in  coming.  In  orchard  soil  the  procettet  must  be  hastened  so  that  the 
natural  forest  changes  of  25  years  take  place  in  one. 

When  an  explosion  takes  place  in  soil,  the  gases  escape  in  all  directions 
from  the  place  where  the  dynamite  charge  was  located.  Those  gases  which 
start  downward  and  sideways  soon  curve  upwards.  They  travel  sideways 
several  feet  through  the  soil.  They  lift  the  soil  in  mass  and  make  it  break  and 
cnimble,  and  can  be  detected  rising  from  the  ground  over  a  circle  1 0  to  1 5  feet 
in  diameter  about  the  position  of  the  charge. 

The  gases  of  an  eqtiosivc  will  rebound  from  a  substance  that  is  extremely 
hard  or  resistant,  iHit  Uiey  try  hard  to  travel  in  a  straight  line  m  the  original 
direction.  When  confined  in  hard  soil,  they  strike  against  the  resistsiKe,  and 
because  the  mass  of  soil  is  not  firm  enough  to  turn  them  aside,  it  is  broken  and 
crumbled.  They  smash  right  through  compacted  sections.  This  lining  and 
crumbling  action  can  be  compared  to  the  cfiect  of  pounding  up  a  brick  with  a 
hammer.  The  tens  of  thousands  of  particles  that  had  been  clinging  together 
in  one  hard  mass  are  separated. 

It  is  this  fining  and  loosening  which  makes  so  valuable  the  particular  kind 
of  tillage  which  blasting  gives.  (It  is  intensive  tillage — the  kind  wluch  is 
"manure.")  In  modem  agricultural  practice  intensive  tillage  is  recognized  as 
one  <A  the  best  means  of  securing  large  crops— in  fact,  it  is  recognized  as  a 
necessity  in  orchards  and  in  fields  and  gardeiu  where  intensive  cr<^  are  grown. 
Blasting  is  tillage  of  the  most  intensive  kind  it  is  possible  to  secure  by  any 
practicable  means. 

The  limit  of  plowing,  even  with  deep  tillage  implements  and  subsoilers,  is 
16  to  IS  inches.    The  shallowest  blasting  should  reach  to  a  depth  of  36  inches. 


tad  the  average  work  is  done  so  aa  to  reach  to  48  inches  or  deeper.  The  real 
ngnificaiKC  of  such  deep,  intensive  tillage  is  so  far  beyond  the  mere  superficial 
appearance  that  it  must  be  explained  in  separate  chairters. 

How  Root  Growth  is  Helped  by  Deep  Tillage 

A  mature  apple  tree  should  have  a  root  system  spreading  twice  as  wide 
a*  its  spread  <^  limbs,  with  some  roots  at  least  1 0  feet  deep,  uid  a  large  part 
of  the  root  system  deeper  than  2  feet.  With  roots  less  well  developed  and 
distributed,  the  tree  is  bound  to  suffer  from  lack  of  water,  and  plant  food,  and 
posubly  fr<Hn  wind. 

Fully  developed  peach  trees  have  root  systems  smaUer  in  proporti<xi  than 
^^le  trees.  Pear,  plum,  quince,  cherTy,  nut  trees,  citrus  fruits,  and  the  semi- 
tap  root  shade  trees  in  ntellow  soil  develop  root 
Depth  and  Length  to  systems  not  greatly  different  from  apple  trees  in 
Which  Roots  Grow  extent.  Some  ornamental  trees,  such  aa  Norway 
pine  and  shagbark  hickory,  often  grow  half  as  deep 
into  the  groimd  as  the  trunk  is  tall.  Grape  vines  have  roots  extending  in  every 
direction  to  a  length  CHit  of  all  propcntion  to  the  size  <tf  the  vines  above  ground. 

These  developments  ckcut  only  when  the  ground  is  u  loose,  fertile  and 
well  watered  as  it  siiould  be.  In  orchards  or  hardpan  soils  and  neglected  soils, 
^  roots  grow  out  to  a  length  less  than  the  length  of  the  limb*.  They  go  down 
until  they  strike  a  compact  layer  of  clay,  a  layer  of  hardpan,  or  the  water  table. 
Unless  forced  and  coaxed  down  by  cultivation,  they  grow  up  until  you  can  see 
them  where  they  bend  above  the  niif  ace. 


„ ,. ,^_..il  19  jttxt  tfo.  In  (Oil  wtih  budpan  mbeut  a  foot 

n  the  nirface.  The  bss  at  Ihs  right,  in  the  pictiue,  wu  Ranted  without  tneakiiii  up  the  bad  with 
up«Ta;  that  at  the  left  Ml  is  Uanwl  ctDond. 

Today  aome  of  tiie  tieea  not  (Towbig  in  blaEted  sroond  aie  dead,  wiiQe  all  tboee  in  blutad  ctoand 
■reUrinf.  IlioeeinbluMdBoiuidaTenitaZSIecthi^.aiulisiuiblaandctouiHllSleet.  Thelonnai 
traMhaTeanaTnaceapnaiTaf  limbs  of  25  feel:  Ihelatlsr.  10  feel;  vhile  the  liuaka  of  the  two  bbK 
(4  tiOM  mMnum  3  feet  7  iuchea  and  2  leet  3  inches,  leapectiTe^.  In  (bs  bluted  ttonaA  the  tree* 
ctiBd  "alunlder  deep,"  and  over  the  tinbioken  hardpan  the  loota  an  niied  above  tlw  auifice,  aa  tin 
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The  big  root  systems  can  be  picked  out  by  the  appearance  of  the  trunks 
and  tops  of  the  trees.  No  small,  scrawny  trees  have  well-developed  and  widely 
extending  roots,  nor  will  any  large,  thrifty  trees  have  short  and  meagre  roots. 
A  tree  that  regularly  grows  and  ripens  a  heavy  crop  of  good  sized  fruit  must 
have  a  big,  deep  root  system.  Any  tree  that  does  not  cannot  do  the  work.  It 
follows,  in  view  of  these  facts,  that  every  orchard  and  ornamental  tree  should 
have  roots  extending  as  wide  and  as  deep  as  possible.  One  or  2  feet  deq>  is 
not  enough.  With  roots  only  at  such  depths  the  trees  exhaust  the  little  bit 
of  moisture  within  their  reach  during  3  or  4  weieks  of  rainless  weather;  or  worse, 
they  may  be  blown  over  by  the  first  stiff  wind. 

Young  trees  have  even  greater  need  of  proportionately  big  root  systems 
than  mature  trees.  Their  roots  need  to  go  down  3  feet  at  least  by  the  end  of 
the  second  year  after  their  planting  and  should  extend  laterally  6  to  8  feet 
then,  even  if  the  trunk  is  only  4  feet  high.  All  that  is  said  about  root  growth 
applies  equally  in  the  case  of  the  newly  planted  tree  and  the.  tree  that  has  been 
in  place  many  years. 

The  Causes  of  Restricted  Root  Growth 

The  limiting  factor  as  to  depth  of  root  growth  may  be  some  form  of  hard- 
pan  or  cemented  gravel,  compact  clay  or  other  soil,  poor  drainage,  or  simply 
that  the  soil  contains  neither  enough  water  nor  enough  available  plant  food. 

An  idea  of  the  difficulty  encountered  by  roots  in  pene- 
Hard  Soils  Difficult  trating  soil  can  be  had  by  noting  the  method  of  their 
to  Penetrate  growth.    A  hair-like  or  pin  point  of  a  rootlet  presents 

its  tip  in  the  direction  it  is  growing.  This  new  tip 
then  expands  like  a  bud  in  the  spring,  pushing  back  and  lifting  the  soil  or  earth 
out  of  its  way. 

When  the  soil  is  soft  and  porous,  the  roots  find  little  difficulty  in  penetrat- 
ing it,  because  its  minute  air  spaces  serve  as  ready-made  tunnels;  but  when  the 
soil  is  compacted  or  cemented,  as  it  is  in  hardpan,  in  hard  gravel  deposits,  and 
in  all  harsh  soils  having  little  organic  matter,  the  delicate,  minute  roots  are 
compelled  to  do  work  which  almost  would  defy  a  steel  rod. 

True  hardpan  is  semi-rock.  You  cannot  crumble  off  the  edges  of  a  chunk 
with  your  fingers.  The  softer  type  can  be  cut  with  a  sharp  knife,  as  clay  can 
be  cut,  but  the  point  of  the  knife  cannot  be  forced  into  it  without  pressure  or 
pounding.    It  is  not  surprising  that  such  soil  resists  root  penetration. 

A  hardpan  layer,  or  one  of  clay,  plowsole  or  other  structure,  can  be  com- 
pared to  a  plank  floor  underground.    The  roots  will  run  along  it  in  the  softer 

soil,  but  they  will  not  penetrate  it.  When  a  young 
Hardpan  is  Like  Wood    tree  is  planted  in  a  small  hole  dug  in  compact 

soil,  it  is,  practically,  in  a  wooden  tub.  The  roots 
have  to  force  their  way  through  the  hard  sides  in  order  to  develop  as  the 
roots  of  a  tree  should. 

The  compact  layer  of  soil  may  occur  within  6  or  8  inches  of  the  surface  of 
the  soil,  or  may  be  down  a  foot  or  2  feet  or  more.  Where  within  2  feet  of  the 
surface,  it  often  forces  the  roots  to  lift  the  crown  of  the  tree  entirely  above 
the  surface.  If  the  entire  root  anchorage  and  feeding  space  of  a  tree  is  con- 
fined to  the  first  foot  or  two  of  soil,  it  cannot  grow  or  3deld  to  anything  like 
its  maximum  capacity. 

To  help  to  make  clear  the  great  difference  in  the  case  of  root  penetration 
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^irou^i  hardpan,  ttiS  clay  or  other  tight  soil,  aa  against  field  soils  in  mellow 
ccmdition,  a  statement  of  the  amount  of  air  space  in  soils 
Pcaosity  of  Soils  may  be  of  value.  When  a  hardpan,  clay  or  gravel  soil 
has  been  thoroughly  compacted  by  water  or  other  agen^ 
•0  that  the  paiticles  are  packed  as  close  as  possible,  the  air  space  (or  pore 
^au  or  ponaily)  is  ordy  5%  to  10%. 

The  soil  is  90%  to  95%  solid.  This  is  the  hart^ian,  cemented  gravel  and 
plowsole  condition.  But  the  average  air  space  in  soils  in  good  condition  is  6 
to  13  time*  as  much,  as  the  foUowing  table  shows: 

Approxitmde  An»urd  qf  Air  Space  or  Pore  Space  in  Soils  in  Good  TiUh 

Clean  sand 33  Per  Cent. 

Coarse  sand 40 

Medium  sand 41 

Fine  sand 44 

Sanc^loam 51 

Fine  sandy  loam 50 

Silt  loam 53 

Clay  loam 54 

Clay 56 

The  nature  or  character  of  the  root  growth  is  modified  by  the  comparative 
mellowness  of  the  soil.  The  ideal  feeding  roots,  it  is  everywhere  agreed,  are 
fine,  filxou*  and  not  long.    The  main  or  anchorage  roots  should  extend  well 
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out  from  the  tree  and  down  deep,  gradually  tapering  from  a  thick  bate  to  a 
slim  point.  All  along  them  the  tendril-like  feeders  should  grow  out  like  the 
legs  of  the  so-called  "thousand-legged"  insects. 

In  a  tight  soil  the  main  roots  usually  grow  short  and  stubby,  with  few  of 
the  fine  feeding  roots.  In  a  very  poor  soil  the  main  roots  lengthen  into  vni- 
table  ropes,  traveling  on  and  on  in  search  of  food.  They  are  usually  almost 
bare  of  feeders.  Under  any  conditions  of  soil  except  that  of  the  best  tilth  an 
excessive  part  of  the  strength  of  the  tree  has  to  go  into  root  building  and  root 
penetration,  rather  than  into  food  gathering.  Too  much  time  is  consumed  in 
growing  the  root.  Five  years  may  fail  to  develop  a  root  system  equal  in  food 
gathering  capacity  to  a  system  developed  in  one  year  in  soil  of  proper  texture. 

The  limited  digging  usually  done  in  making  holes  for  planting  trees  serves  to 
give  the  roots  a  brief  start.  The  hole  should  be  dug  at  least  3  feet  deep  and 
4  feet  square,  but  few  indeed  are  the  instances  of  the  digging  of  such  large 
holes  in  commercial  orchard  planting.  The  usual  prac- 
Tree  Holes  Dug  tice  is  to  scoop  out  just  enough  ground  to  let  in  the  severely 
by  Hand  trimmed  roots  to  the  required  depth. 

Quite  c^en  young  orchard  and  shade  trees  are  set  in 
holes  not  more  than  a  foot  deep  and  (6  inches  wide.  The  sides  of  the  holes 
frequently  curl  the  ends  of  the  roots  back  like  clinched  nails.  An  examinadon 
of  trees  that  have  been  dug  up  or  washed  out  a  couple  of  years  after  they  had 
been  planted  in  dug  holes,  shows  that  masses  of  matted  aiul  twisted  roots  have 
been  confined  in  the  hole  that  was  dug,  almost  like  the  roots  of  a  large  plant  in 
a  small  flower  pot. 

How  (o  Secure  Big  Rool  Deedopmtrd 

The  way  to  do  this  is  to  break  up  the  soil  with  Ullage,  and  to  make  it  fine 
and  porous.    Tillage  with  plows  and  cultivators  can  be  extended  to  a  depth 
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of  8  in^cs  without  trouble.  By  using  subsoil  attachments  and  deep  tillage 
disk  implements  18-inch  tillage  is  practicable. 
Deep  Tillage  Insures  Where  it  is  desired  to  go  deeper,  hand  digging  and 
Big  Root  Systems  blasting  are  the  only  means  available.  Hand  dig- 
ging of  all  the  soil  is  impracticable  in  commercial 
tM^Jiards,  but  if  the  cost  does  not  matter,  the  ground  of  home  fruit  gardens  and 
lawns  can  be  worked  over  by  hand  to  a  depth  of  4  to  5  feet  by  digging  wide 
trenches  and  shoveling  the  ground  back  from  each  new  trench  into  the  old  one. 
This  is  a  common  practice  in  many  European  gardens. 

Tillage  by  blasting  is  pre-eminently  the  moat  advantageous  treatment  for 
the  soil  that  is  hard  enough  to  restrict  root  growth  or  to  hold  free  water.  In  a 
[»«vioua  chapter  the  action  of  a  proper  blast  has  been  described.  It  is  clear 
that  the  explosion,  in  breaking  up  the  hardpan  or  the  plowsole  or  the  layer  of 
stifi  clay  or  cemented  gravel;  in  opening  cracks  throu^  the  soil  in  every  direc- 
tion, and  in  crumbling  and  fining  the  earth  to  a  depth  of  4  or  5  feet  or  more,  as  you 
place  the  charge,  supplies  just  the  treatment  needed.  By  no  other  practicable 
means  can  the  soil  be  worked  to  an  equal  depth,  and  in  no  other  way  can 
even  the  top  2  or  3  feet  of  soil  be  worked  so  thoroughly  at  a  reasonable  cost. 

After  considering  the  foregoing  facts  the  thinking  man  will  need  no  con- 
crete examples  of  better  root  expansion  in  well  tilled  soil  to  convince  him  that 
roots  will  develop  when  given  the  chance  and  the  incentive. 
Roots  in  Blasted  The  illustration  on  page  103  shows  this  so  well  that  every 
Ground  reader  should  look  at  it  now.    Two  young  trees  were 

washed  out  of  thnr  beds.  Both  had  grown  one  season. 
The  root  system  of  the  one  in  blasted  ground  is  about  4  times  the  «ze  crf  the 
other,  and  it  is  of  a  better  character. 
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This  example  is  not  advanced  as  typical  of  all  results.  The  growth  that 
will  be  made  by  any  tree  cannot  be  predicted.  Too  many  other  factors  aside 
from  the  condition  of  the  soil  enter  into  the  matter.    The  fact  that  some  trees 

in  properly  blasted  ground  have  grown  as  much  in 
Amount  of  Increased  2  years  as  others  in  unblasted  ground  have  grown 
Growth  in  4  years  is  no  guarantee  that  all  trees  will  do  as 

well,  or  may  not  do  better.  If  the  blasting  is  not 
done  right  no  benefit  at  all  may  be  derived;  indeed,  there  are  cases  on  record 
where  positive  damage  has  been  done  to  soil  and  to  trees  by  improper  blasting. 

There  are  but  few  soils  in  which  intensive  tillage  of  any  sort  will  not  help 

the  root  growth  of  trees.  Among  them  may  be 
Soils  That  Should  Not  mentioned  loose,  light  sand,  gravels  and  loams 
be  Tilled  Deeply  which  are  as  porous  and  mellow  as  they  should  be 

without  further  loosening.  The  volcanic  ash  soils 
of  some  Rocky  Mountain  states  need  no  deep  tillage  unless  underlaid  with 
more  or  less  crusted  lava. 

Whether  or  not  to  blast  loam  soils  to  secure  better  root  penetration  depends 
on  their  character  and  condition.  If  they  are  deep,  well  drained  and  well 
supplied  with  humus,  the  chances  are  that  little  increase  in  root  growth  will 
be  derived  from  any  sort  of  deep  tillage.  But  considerations  in  respect  to  mois- 
ture storage  and  the  liberation  of  insoluble  plant  food  nearly  always  call  for 
tillage  and  yet  more  tillage.  Roots  of  cover  crops  must  penetrate  the  ipround 
in  order  to  keep  soil  fertile.  Hence  few  soils  aside  from  those  named  above 
will  not  be  benefited  by  deep  tillage. 

Correct  methods  of  doing  the  blasting  to  put  soil  into  proper  condition 
for  root  development  and  for  other  purposes  are  described  on  pages  131  to  138. 
On  page  140  you  will  find  a  discussion  of.  the  length  of  time  one  thorough 
breaking  up  of  the  soil  may  be  expected  to  last,  and  of  how  the  needs  of  trees 
may  be  met  both  at  the  time  of  planting  and  years  later,  when  the  roots  have 
extended  themselves  many  feet  in  all  directions. 

How  Soil  Water  is  Governed  by  Deep  Tillage 

In  every  orchard  soil  the  water  problem  is  two-fold.  Surplus  water  must 
be  drained  away  and  sufficient  moisture  for  use  of  the  trees  during  dry  weather 
must  be  stored.  Both  purposes  are  served  by  tillage  in  ways  that  are  made 
plain  in  the  following  explanations. 

The  drainage  must  be  effective  enough  to  take  away  the  excess  water 

quickly,  but  the  flow  of  water  must  not  be  so  fast  as  to  leach  or  float  away 

much  plant  food.    Whenever  the  excess  water  is  permitted  to  run  over  or 

through  the  soil  in  trickles,  it  leaches  out  available  plant  food.     It 

Leaching     should  filter  away — ^without  delay  or  damming  back,  but  still 

filter — ^through  beds  of  fine,  granular  soil. 

The  water  should  escape  at  a  lower  level  into  a  ditch  or  into  a  loose  layer 
of  gravel  or  sand  that  will  carry  it  away.  In  orchards  the  level  of  standing 
water  in  the  soil  must  be  well  below  the  depth  of  root  penetration  if  the 
trees  are  to  grow  and  yield  well. 

Conditions  Necessary  for  Drainage 

To  a  great  extent  the  drainage  problem  is  to  put  the  soil  in  condition  by 
tillage  to  act  as  a  filter  bed.  The  soil  must  be  kept  loose  enough  to  let  the 
water  seep  and  percolate  through.    Layers  of  tight  soil,  such  as  compact  clay 
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or  hardpui,  bold  the  water  u  though  it  were  in  a  tuik 
Proper  Dnunage    or  a  pan.     It   cannot   ocape  except   by   evaporati(»i. 
Such  tight  soil  must  be  brolien  up  to  a  depth  that  will 
pemut  the  lowering  ti  the  water-table  below  proper  depth  for  root  growth. 

If  the  layer  is  thin — say  only  a  couple  of  feet  through — all  of  it  can  be 
reduced  to  fine  particles.    When  it  is  thicker  than  4  or  5  feet  it  cannot  be  broken 
entirely  throu^  to  softer  ground  below  except  at  prohibitive  cost,  and  the 
effort  should  be  to  create  a  zone  of  [Kxiper  condition  in  the  top  4  or  5  feet  d^ 
the  ground.    From  this  the  water  should  drain  away  into  ditches. 

Even  in  soil  containing  no  clearly  defined  hardpan,  the  general  texture 
and  condition  may  be  such  as  to  make  drainage  poor.  Tillage  will  remedy 
this  condition,  by  opening  up  and  fining  the  soil  so  that  water  can  move  about 
in  it  freely. 

The  statement  c^  the  porosity  or  air  space  of  soils  in  the  chapter  oa  root 
penetration  (page  112)  will  be  interesting  in  this  connection.  In  a  hardpan  or 
thoroughly  compacted  clay  there  is  an  average  pore  space  d  only  5%  to  10%, 
but  when  the  same  soils  have  been  reduced  by  thorough  tillage  to  a  pfopo' 
condition  of  tilth  they  contain  upwards  of  40%  on  the  average,  or  6  to  13  times 
as  much  pore  space.  In  other  words,  nearly  half  d  the  bulk  of  the  soil  is  air 
space,  open  to  the  free  movement  d  water.  Naturally  such  well-tilled  soils 
are  well  drained. 

Mottlure  Storage 

The  amount  of  wat«  that  in  a  dry  season  must  be  stored  somewhere  in 
the  soil,  available  f<v  the  trees,  can  be  stated  with  a  fair  degree  of  accuracy 
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in  tcmu  of  mchca  in  depth.    It  must  be  based.  (^  course,  on  the  need*  of  the 

crop  of  twig  growth,  leaves  and  fniit.  For  each  ton  of 
Amount  of  Water  material  grown  (dry)  it  is  safe  to  say  that  at  least  3 
Used  by  Rants         inches  d  water  will  be  used  by  the  trees.     If  the  orchard 

crop  weighs  5  tons  to  the  acre,  which  probably  is  less 
than  the  average,  the  amount  of  water  required  is  1 5  inches  in  depth  over  the 
acre.  This  amoimt  meets  only  the  actual  needs  oi  the  trees,  and  docs  not  allow 
for  much  waste  through  surface  evaporation. 

Fifteen  inches  of  water  is  the  net  amount  that  will  be  required  to  make  the 
growth  and  yield  of  the  trees.  Less  water  available  for  the  roots  will  mean 
decreased  growth  and  fruit  production.  If  irrigation  is  not  practiced,  the  c«ie 
safe  procedure  is  to  store  the  required  amount  erf  water  in  the  ground,  for  rain- 
fall is  uncertain,  and  cannot  be  depended  on. 

The  capacity  of  a  well-drained  soil  to  hold  wat«  in  a 
Amount  at  Water  condition  in  which  it  is  useful  to  trees  depends  on  its 
St<n^  by  Soils         structure  and  condition.     Laboratory  tests  of  average 

field  soil  in  excellent  tilth  have  shown  in  the  first  4  feet 
down  from  the  surface  the  amoimts  d  water  given  in  the  table  below. 
Amount  t^  Water  Cor^lneJ  and  Us^id  In  Different  Soils  When  TiUh  is  Good- 
Top  4  Fed  Fully  Loaded 

Amount  water    Witu  [nche* 

(iiKhea  deq>)     wei^t    UiuvaiUblc    tvulabW 

Connjiuid 7  11%        3%  5 

Lightsiltloam 14  21  10  7 

Fine  isndy  loun 11  18  5  S^ 

Cl.y 16  30  17  7H 


The  niMrb  aoll  coadiUoiu  [ndaced  by  intntiive  d»p  tillaia  ua  nowhen  of  mora  fatoa  Uian  in  onbacda 
ol  dinu  traes.  Thau  tiro  iraaa,  bolh  Valencia  oranre,  both  IS  ^ Min  gid,  *sra  pUntml  aide  by  ilda.  The  one  ii 
uDbroken  aoU  la  onl;  8  (eat  hlsh.  The  Dlhat  ia  oeaiff  three  tJmei  ai  hi(h  and  ■"•>»  Uian  twice  aa  bioad.  (Z.  C. 
Ftanien,  Santa  Ana.  CaL) 


These  soil  types  are  named  for  purposes  of  illustration.  The  moisture 
content  of  other  soils  can  be  judged  from  these  figures. 

The  figures  in  the  first  column  indicate  tfiat  clay  and  light  silt  loom  to  a 
depth  d  4  feet  might  contain  cnou^  water  for  average  crops  of  fruit,  while 
in  coarse  sand  and  fine  sandy  loam  trees  would  run  short.  But  only  part  of 
the  water  can  be  used.  In  clay  soil,  for  instance,  trees  will  wilt  when  the  ground 
■till  contains  about  1 7  per  cenL  of  water.  This  leaves 
Not  All  Soil  Water  only  7}4  inches  in  depth  of  water  out  of  the  total 
Can  Be  Used  supply  ^  16  inches  when  the  soil  is  filled  to  capacity, 

that  the  trees  actually  can  use.  The  proportion  of 
water  that  can  be  used  in  the  other  soils  is  ^own  likevdse  in  the  table. 

It  follows  that  all  the  water  that  can  be  stored  in  the  top  4  feet  of  any 
■oil  is  not  eiKXi^  for  a  fair  crop  of  fruit.  The  supply  must  be  increased.  The 
trees  must  get  a  part  of  their  supply  from  the  subsoil  beneath  the  4  foot  level. 
This  brings  us  to  a  consideration  of  the  manner  in  which  water  is  stored  in  the 
soil  and  the  ways  in  which  it  moves  about.  In  previous  r^erence  to  the  pore 
space  or  air  space  in  soil  (page  1 1 4),  the  free  drainage  of  excess  water  was  men' 
tioned.  Water  which  will  percolate  and  seep  down  through 
How  Water  is  the  pores  of  the  soil  owing  to  the  action  of  gravity  is  harm- 
Stored  in  Soil  ful  to  all  fruit  and  ordinary  shade  trees.  The  roots  cannot 
or  will  not  take  it  up  in  this  form,  and  are  damaged  by  it. 

The  only  form  in  which  roots  take  up  water  is  when  it  clings  to  particles 
(rf  soil  as  films.  This  is  called  capillary  water,  because  it  is  held  to  the  par- 
ticles by  capillary  force.  What  this  force  is  and  the  form  in  which  the  water 
is  held  can  be  illustrated  better  than  described.    Put  your  finger  in  water  and 


__, laid  show  cintvr  proportioiuta  aapeiJority  awiiu  to  inteflsivo  dvop  tilliAV  in  Its  ■ecoad  veju  'h*i*  Iti 

Ftorpluulac.  TblaisonmccountatlhennlipeDetntiiicdeeiKiuiilwiderla  tlw  btokm  soil,  and  the  increaMd 
food  rdeued  and  made  anUible.  Titlige  merely  iMitt  Ihe  bensficinl  nil  proceueB.  Time  ii  aisdsd  before 
■am  show.  Tlie  two  Iieee  sbown  bete  demonmtnte  this  truth.  Both  are  at  (be  end  tl  their  aecond  leai'a 
a  ia  Cheir  pretenl  beda.    One  bed  wo  blaited;  (be  other  bdc    (Fred  W.  BliDer,  UUlenburt.  Penna.) 


it  comes  out  wet.  Put  it  in  quicksilver,  and  it  will  come  out  dry.  Some  of 
the  water  is  held  to  the  skin  by  capillarity,  but  none  of  the  quicksilver  is  so  held. 

After  excess  water  has  drained  away  from  the  soil  particles,  they  are  wrapped 
in  films  of  water  which  can  be  more  correctly  called  moisture.  This  moisture 
is  held  to  them  by  capillarity  until  it  is  taken  away  by  evaporation  or  by  roots. 

If  one  particle  should  happen  to  have  less  moisture  than  its  nei^bors. 
capillary  force  causes  some  of  the  bigger  supply  to  creep  from  surface  to  sur- 
face till  the  amount  is  equalized  throughout  the  soil,  llie  movement  of  capil- 
lary moisture  is  not  limited  to  the  one  direction — downward — as  free  water  is 
limited.  In  this  form  moisture  moves  upward  and  sideways  as  well.  The 
movement  can  be  illustrated  by  the  movement  of  oil  in  a  lampwick,  or  of  ink 
in  a  blotter. 

Now  the  movement  of  capillary  water  toward  the  surface  from  a  depth 
greater  than  4  feet  is  free  and  abundant  when  soil  conditions  are  right  and 
there  is  an  abundant  supply  below.  It,  however,  depends  on  the  fineness  and 
arrangement  of  particles  and  the  pore  space  of  the  soil.  The  soil  must  be  fine; 
the  particles  must  touch  one  another;  but  they  must  not  be  so  packed  or  jammed 
together  that  the  pore  spaces  are  squeezed  shut.  If  the  particles  are  round, 
they  should  touch  one  another  only  at  minute  points  on  their  surface,  as 
apples  touch  when  properly  packed  in  a  box.  The  logical  way  of  feeding 
moisture  to  trees  or  plants  is  to  send  the  roots  down  after  it.  Capillary  move- 
ment, however,  brings  the  moisture  to  the  roots  as  they  use  up  the  supply 
they  are  in  contact  with. 

The  reason  behind  the  necessity  for  a  comparatively  loose  condition  of 
soil  is  easy  to  see  when  we  remember  the  films  in  which  moisture  is  held.  Reduce 
the  surface  space  of  the  particles  and  we  reduce  the  surface  area  which  can 
carry  moisture  films. 

The  size  of  the  particles  governs  directly  the  extent  of  the  surface  area 
in  a  given  bulk  of  soil,  and  consequently  the  amount  of  film  moisture  it  holds. 

As  it  is  illustrated  often,  a  solid  rock  in  the  form  of  a 
Film  or  Capillary  cube,  measuring  3  feet  high,  3  feet  wide  and  3  feet  thick. 
Moisture  Supply      has  54  square  feet  of  surface  area.    Reducing  such  a 

rock  to  pieces  measuring  an  inch  on  a  side  increases  the 
surface  exposed  to  nearly  2000  square  feet.  Reducing  the  pieces  to  the  size 
of  soil  particles  increases  the  area  in  proportion. 

As  applied  directly  to  the  soil,  the  facts  regarding  the  number  of  particles 
and  their  surface  area  are  striking  and  wonderful.  The  table  below  gives  the 
figures. 

Number  of  Particles  and  Area  of  Their  Surfaces  in  Different 

Soils  in  Good  Tilth 

Sq.  ft.  Sq.  ft 

Number  particles  surface  area  surface  area 

Soil  per  pound  of  soil  per  pound  of  soil      per  cu.  ft.  of  soil 

Coarse  sand 1 ,326,600,000.000  405  40,500 

Medium  sand ....  1 .724,700.000,000  473  44,500 

Sandy  loam 2.914,000,000,000  816  66,600 

Silt  loam 4,287,000.000.000  1 340  1 04,000 

Clay  loam 6,811 ,400.000,000  1 825  1 36,500 

Clay 8.231.100.000,000  2000  142,000 

The  significance  of  the  figures  in  the  last  column  will  be  plainer  when  it 
is  recollected  that  an  acre  contains  about  43,000  square  feet.  Each  cubic  foot 
of  medium  sand  contains  about  an  acre  of  surface  of  particles  <m  which  moisture 
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film  C«n  be  held,  and  each  cubic  foot  of  day  contaiiu  upwards  of  3H  ■O^  °f 
such  tuiface.  Therefore  an  acre  of  toil  to  a  depth  of  a  foot  may  contain  ui>- 
ward  of  43,000  to  140.000  acres  of  moisture  film  \^en  in  proper  condidtm. 

The  figures  arc  illuminating  in  respect  to  the  varying  moisture-holding 
c^Mcities  of  different  toils.  Sand  has  less  than  one-third  of  the  c^iadty  of  day. 
TheM  differences  should  be  k^  in  mind. 

The  Moislure  Supply  Depends  on  Depth  and  Thoroughness  ef  Tlith 

The  figures  for  the  amount  of  water  soil  can  hold  are  based  on  soil  in  fii*t- 
dut  condition  of  tilth,  with  normal  porosity  <i  30%  to  50%  and  with  the 
usual  amount  of  organic  matter.  Soil  that  is  compacted. 
Good  Tilth  cemented,  tvh  together  or  lacking  in  humus  will  not  have  any- 
thing  like  the  stated  amounts.  Also  the  movement  of  water — 
the  drainage  of  free  water  and  the  movement  of  capillary  water  in  dry  weather — 
will  be  restricted  very  greatly. 

EnqJiasis  must  be  placed  on  this  matter  of  organic  material  in  the  soil 
It  constitutes  one  of  the  most  in^iortant  elements  that  go  to  make  good  tilth. 
If  organic  matter  is  lacking  the  soil  will  run  together  and  within  2  or  3  years 
will  become  harsh  and  unpleasant  in  spite  of  the  most  intensive  tillage. 

The  way  to  insure  the  necessary  1 5  inches  or  more  of 
Organic  Matter  net  dq>th  (rf  water  needed  to  grow  full-sized  crops  is  to  fine 
and  Moisture  and  loosen  the  soil  thoroughly  to  a  depth  tA  4  feet  or  more 
in  order  to  store  the  maximum  of  moisture,  and  then  have 
the  ground  below  this  depth  in  such  cxxidition  that  capillary  moisture  will  rise 
without  restrictions. 

Tillage  must  be  thorough  and  deep  to  pr(»note  drainage  and  to  put  the 


soil  into  condition  to  store  sufficient  moisture.    If  it  is  not  the  soil  below  the 

furrow   depth   becomes   compacted   and   hard. 

Deep  Tillage  Demanded    The  particles  of  soil  run  together  till  their  water- 
holding  capacity  is  only  a  faction  of  ^at  it 

ought  to  be  and  can  be  under  normal  conditions  of  tilth. 

Something  can  be  done  toward  increasing  the  moisture  storage  capacity  of 

soil  by  breaking  to  a  depth  of  16  or  18  inches  with  subsoil  plows  and  deep  til- 

Subsoa  Plowing    !a«e^>P>an«»t«-.  B"'  ^e  execution  done  by  proper 

^     blastmg  IS  better  m  proportion  to  its  increase  m  depth. 

Thoughtful  orchardists  will  see  that  there  is  no  practicable  way  of  getting 
the  soil  worked  and  loosened  at  sufficient  depths  other  than  by  blasting  it. 

Blasting  will  do  it — ^and  in  connection  with  regular  and  cover 
Blasting  Soil    crops  to  keep  up  the  organic  matter  will  insure  each  season  a 

supply  of  moisture  sufficient  for  heavy  crops  in  dry  weather. 
In  case  layers  oiF  hardpan  or  clay  interfere  with  the  movement  of  water, 
they  should  be  broken  up.    Soil  should  be  examined  thoroughly  for  any  such 
conditions. 

The  conservation  of  a  moisture  supply  by  shallow  surface  tillage  is  a  gen- 
eral practice.    It  need  not  be  described  here  other  than  to  say  that  a  2  or  3 

inch  layer  of  loose,  dry  soil  or  dust  will  isolate 
Surface  Mulch  Required    the  moist  soil  beneath  and  prevent  the  escape 

into  the  air  of  the  water  it  carries.  Deep  tillage 
will  help  to  provide  the  storage  of  a  supply  of  water,  but  it  will  not  conserve  it. 
This  moisture  conserving  (mulching)  tillage  on  the  surface  is  absolutely  necessary. 

But  no  amount  of  surface  tillage  will  conserve  moisture  that  is  not  stored 
in  the  soil.  Enough  rain  falls  during  the  growing  weeks  of  some  seasons  to 
supply  the  needs  of  heavy  crops,  but  every  orchard  in  which  the  soil  is  not 
deeply  tilled  b  bound  to  suffer  from  drouth  frequently.  The  outstanding 
fact  is  that  deep  tillage  is  required  before  an  adequate  supply  of  moisture  can 
be  assured  every  summer. 

How  Deep  Tillage  Increases  Fertility 

The  proper  proportion  for  the  different  plant  foods  previously  mentioned 
in  the  soil  cannot  be  stated  exactly,  because  different  plants  and  trees  require 
different  amounts.    A  slight  excess  of  any  element  will  do  no  harm. 

The  so-called  chain  theory  of  plant  food  needs  has  been  proved  true  so 

often  and  so  extensively  that  it  is  to  be  considered 
Balancing  Plant  Foods    no  longer  as  a  theory,  but  a  fact.    Briefly,  this 

rule  is  to  the  effect  that  the  thrift  or  growth  of  a 
tree  or  plant  is  governed  by  the  amount  of  that  plant  food  in  ^diich  the  soil  is 
weakest,  proper  balancing  considered. 

If  a  certain  soil  contains — ^we  will  select  arbitrary  figures  for  the  sake  of 
illustration — ^in  each  cubic  foot  6  units  of  nitrogen,  10  units  of  phosphorus  and 
20  of  potash,  while  the  need  of  the  crop  grown  in  this  soil  is  10  units  of  nitrogen, 
20  cf  phosi^orus  and  12  of  potash,  tlie  crop  will  not  be  a  full  one.  It  likely 
will  be  three-fifths  of  normal  size,  because  growth  will  be  held  down  by  the 
lack  of  enough  phosphorus  and  nitrogen.  The  oversupply  of  potash  in  the 
soil  is  of  no  use  because  one  plant  food  cannot  be  used  to  any  practicable 
extent  in  place  of  another. 

This  one  illustration  is  enough  to  make  clear  the  idea  of  the  necessity  for 
having  all  plant  foods  present  and  available  in  abundance.    There  is  nothing 
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myaterioui  in  the  fact  of  a  crop  failure  nor  ne«d  there  be  much  doubt  about 
what  conititutet  proper  fertilizing  of  luid. 

But  knowing  what  elonents  <J  food  are  needed  is  only  half  the  battle.  It 
is  equaUy  important  to  know  where  to  gd  the  necessary  material  and  how  to  make 
it  aeailabUfoT  roots,  cerlainly,  cheaply  and  quicijy. 
Plant  Foods  of  the  Soil  As  suted  on  page  106,  the  usual  orijiard  soil  con- 
tains an  abundant  supply  of  available  plant  foods, 
excepting  only  of  nitrogen,  phosphorus,  potash  or  lime,  which  may  or  may  not 
be  present  in  sufficient  amounts. 

The  nitrogen  can  be  secured  in  unlimited  quantities  fn»n  the  air  and  put 
in  the  soil  by  proper  use  of  legumes. 

The  lime  must  be  added  in  the  usual  way. 

The  Phosphorus  and  Pobah  Problem 
A  chemical  examination  of  your  soil,  to  a  depth  of  1  to  6  feet  or  more, 
if  it  is  clay,  loam  or  sand,  likely  will  show  figures  for  the  amount  of  pota^ 
and  i^Kwphorus  present  that  may  surprise  you.  To  make  them  apply  more 
easily  to  the  usual  field  conditicui,  the  following  data  are  based  on  an  acre, 
but  d  course  do  not  apply  accurately  to  all  soils. 

The  amount  of  potash  in  the  soil  <^  "new  ground"  to  a  depth  of  7  inches, 
the  usual  furrow  depth,  will  run  as  high  as  60,000 
Amount  of  Phosphorus     pounds.     It  may  be  as  low  as  20,000,  but  it  will 
and  Potash  average  up  to  ^,000  to  the  acre.     The  soil  to  a 

depth  of  a  foot,  therefore,  contains  more  than 
100,000  pounds,  or  50  tons  of  actual  potash.  To  a  depth  of  4  feet  the 
amount  is  200  tons  to  each  acre. 


ib^ 


Tba  (luntli  of  *hAd*  lUid  onuawnEal  EiBM  i>  nw9n*d  hf  aucdy  tha  ume  principles  u  Uut  of  oichud 


VU«.    In  a  njrd  or  l*«n  Uh  ■oil  cmditunu  u*  nich  DiwItT  u  to  bs  beoaflu 
flbfa  itnii  by  blutbft  u  Omm  two  pktiuai  damoutnte.    (St  J4BIB1,  Ho.) 


a*  i>  nranMd  br  aucdy  tha  uma  principlaa  as  Uut  of  orchard  tr< 
potAU  ud  phocphonu,  juid  muAt  b*Ta  ioo(  inchonia  and  faad 
u*  audi  DituiItT  a>  to  ha  baoaflted  puHeoUrly  by  tha  InlaatlTa  di 


The  amount  of  phoaphomi  U  smaller,  but  itill  U  fomudable.  It  runi  as 
high  u  25,000  pound)  to  the  acre  in  7  inches  deep  of  soil  in  some  c^  the  better 
new  lands,  falling  to  only  a  few  hundred  pounds  in  poor  lands.  In  all  new 
lands  in  good  tilth  it  will  average  around  8,000  pounds  to  the  acre  in  the  clay, 
and  about  2,500  pounds  in  loam.  In  soils  that  are  run  down  the  phosphorus 
usually  is  used  up  till  less  than  1 ,000  pounds  and  sometimes  only  200  pounds 
to  the  acre  remains  in  the  top  7  inches. 

Talcing  the  above  average  figures,  each  foot  deep  of  fertile  loam  contains 
upward  of  2  tons  of  actual  phosphonis  and  each  foot  of  clay,  8  tons.  Four 
feet  of  soil  over  an  acre  contains  8  tons  and  32  tons  respectively. 

The  difierent  fruits  and  other  crops  require  varying  amounts  of  plant 

foods,  as  mentioned  at  the  beginning  of  this  chapter,  but  a  sufficiently  clear 

idea  of  their  average  requirements  can  be  secured 

Amount  of  Plant  Food    by   examining   the   demands  of   a   wheat  crop. 

Used  by  Trees  Wheat  requirements  are  not  essentially  dilTerent 

from  those  of  apple,  peach  and  pear  trees. 

Trees  use  the  most  of  their  potash  and  t^osjiJiorus  in  growing  leaves,  twigs 
and  bark,  and  little  in  growing  the  fruit.  The  food  elements  in  the  leaves  of 
trees,  oi  course,  are  returned  to  the  soil  each  autumn,  but  those  used  in  making 
wood  are  permanently  removed  from  the  soil. 

Erosion  and  leaching  take  away  some  plant  food.    This  loss,  of  course, 
must  be  added  to  the  amount  carried  away  in  crops.    Tests  have  shown  the 
loss  to  be  about  one-eighth  of  the  amount  consumed  by  average  crops.     Nearly 
all  of  this  comes  fran  the  few 
top  inches  of  soil.    The  top  irtch 
or  two  of  some  soils  is  leached 
"dead." 

The  store  of  (diosphorus  in 
the  soil,  we  have  seen,  is  much 
less  than  that  of  potash— averag- 
ing (me-half  to  one-lifteenth  as 
much — but  the  amount  consumed 
and  carried  away  by  crops  is 
nearly  equal.  Therefore,  the 
phos[^rus  supply  is  subjected 
to  a  much  greater  drain  in  pro- 
portion, and  will  be  exhausted  in 
much  less  time.  In  many  soils  it 
is  already  seriously  deleted,  if 
not  practically  exhausted. 

In  the  chapter  which  de- 
scribed the  formation  and  nature 
of  soil,  it  was  pointed  out  that 
heat,  cold,  water,  air,  bacteria 
and  other  natural  agencies  had 

Natural  Plant  Foods      f  a  c  - 

T___i„t,i_  •■,,,.J                II  i»  ertHmely  impgrtunl  th»t  ta  tjvttteta  tr»« 

inSOIUDle  tured  ^umid  hmn  ita  loon  b«low  fioM-Una.  on  ■uoimt  of 
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decompoung  rode     Thit  a,  they  broke  it  down  fran  lolid  rock  to  the  softer 
stage,  of  more  or  leu  fine  particles. 

Now.  plants  require  their  food  to  be  dissolved  in  water  before  the  roots 
can  take  it  up.  They  take  their  pota^  artd  fJiosphorus  and  nitrogen  and  other 
food*  as  soup  instead  of  solids.  Btd  these  food  eianerUi  will  not  dissotoe  In 
water  as  they  exist  In  the  soil.  They  first  must  go  through  certain  chemical 
changes. 

The  agencies  which  produce  the  changes  are  the  same  ones  which  brou^t 
akxig  the  processes  of  decomposition  of  the  original  rock  so  far — water,  air, 
bacteria  and  the  others  that  have  been  named.  To  these  may  be  added  organic 
matter  and  lime.  In  the  ordinary  course  of  events  in  on  unworked  soil  such  as 
in  a  forest  w  a  fidd  (»ily  plowed,  the  subsoil  is  but  little  disturbed  and  none 
of  these  agencies  is  permitted  to  do  much  work.  An  occasional  root  poie- 
trates  deeply,  a  mole  or  a  squirrel  or  other  animal  may  dig  a  timnel,  produdng 
the  ccMiditions  necessary  for  the  liberation  of  the  insoluble  food.  But  in  the 
main  the  freeing  d  the  locked-up  elements  takes  place  at  a  very,  very  slow  rate. 
The  problem  of  the  orchardist  is  to  hasten  the  processes  d  liberaticHi 
so  that  the  natural  chemical  changes  of  dozens  of  years  will  take  place 
in  one  season.  To  accomplish  this  he  has  only  to  expose  the  particles  of  the 
■oil  to  the  action  of  his  helpers,  the  water,  air,  lime,  organic  matter  and  bac- 
teria. Moisture  liberates  plant  food  directly  by  dissolving  such  of  it  as  will 
yield,  but  whmever  there  is  excessive  free  water  some  of  the  food  that  is  liber- 
ated is  carried  away  with  the  surplus  water  that  drains  out  c^  the  soil  and  tarat 
more  of  it  is  changed  back  to  unavailable  forms. 
Liberatioiis  of  Natural  The  most  rapid  liberation  of  insoluble  foods  takes 
Plant  Foods  place  when  the  water  in  the  soil  is  limited  to  the 

moisture  held  by  capillarity.  This  water  waste* 
noite  of  the  material  it  frees.  Elach  soil  particle  contairu  s<»ne  of  the  plant 
food  and  its  film  moisture  extracts  this  and  holds 
it  until  the  roots  get  it  by  taking  up  the  mcnsture. 
Air  produces  oxidation  oi  the  insoluble  ele- 
ments (aa  rust)  in  connection  with  a  proper  supply 
c^  moisture.  Organic  matter  contains  acids,  which, 
released  in  the  decomposing  of  the  roots  and  leaves, 
act  chemically  on  the  locked-up  food  in  the  parti- 
cles and  free  tfxae  of  it.  Lime  acts  to  aoiae  extent 
in  a  similar  way.  But  by  far  the  greatest  amount 
of  liberatiiHi  of  the  insoluble  elements  is  due  to  the 
action  of  certain  boieficial  bacteria. 

These  boieficial  forms  of  animal  life  canrtot 
exist  in  soil  that  contains  little  air,  or  which  has 
other  too  much  or  too  little  water,  or  little  vege- 
table matter.  Nor  can  they  exist  when  the  soil 
lacks  lime.  As  soon  aa  the  soil  is  made  normally 
porous,  as  described  on  page  1 14,  the  excess  water 
drained  away  and  a  proper  suf^ly  of  moisture  held 
as  films  abmit  the  particles,  and  when  vegetable 
matter  in  the  form  of  roots  and  stalks  at  plants  is 
introduced,  the  bacteria  begin  to  multiply  and 
become  very  active.  Under  favorable  conditicHu 
they  are  able  to  liberate  more  iiuoluble  potash 
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and  phoiF^rus  in  I  or  2  year*  than  has  taken  place  in  100  yeart  without 
them. 

On  the  majority  of  faim*  some  potash  and  phosphorus  has  been  added  to 
the  top-soil  in  commerdal  fertilizers  and  manures,  but  the  quantity  is  small 
compared  to  the  original  natural  supply. 

Recapitulating,  the  liberating  tA  the  insoluble  potash  and  phos^^onis  that 
is  in  the  deeper  soil  calls  for  the  introduction  of  air  and  the  presence  of  ciq>illary 
moisture  and  plenty  erf  organic  matter.  The  only  way  in  which  the  moisture 
can  be  stored  and  maintained  in  dry  weather,  is  by  lining  and  loosening  the 
soil,  which  automatically  brings  the  necessary  porosity  and  air  supply  and  con- 
diUorn  for  root  penetration. 


ODthB  uid  inteuLve  deep  tilia^A  awtrj  few  yeaifl  ttae  food  ivpFlj  wUI  b«  kept  up  ^MSgb\J 


The  difficulty  in  an  unworked  soil  is  to  keep  plant  foods,  particularly 
potash  and  nitrogen,  in  an  available  condition.  When  bacteria  are  not  active, 
the  available  fertility  reverts  to  its  original  insoluble  state  very  quickly. 

Once  the  soil  is  loosened,  cover  crops  should  be  planted  immediately  so 

that  the  ground  will  be  filled  with  roots  to  a  depth  of  4  or  5  feet.     This  is  the 

only  way  raw  vegetable  matter  can  be  distributed  below  plow  depth.     Tillage 

itself  will  not  make  the  soil  granular  and  mellow.     That  is  a 

Cover  Crops     result  which  comes  about  after  proper  conditions  are  estab-   - 

lished.  The  proper  plants  to  select  for  this  purpose  are  those 
which  have  abundant  roots.  If  the  regular  crops  meet  these  specifications 
they  will  do. 

Weeds  make  good  cover  crops.  Some  of  the  more  common  weeds,  such 
as  wild  carrot,  ragweed,  smartweed,  mullen  and  others  have  the  power  to  take 
from  soil — even  sandy  soil — larger  quantities  of  potash  than  cultivated  grasses 
or  crop  plants  do.  They  break  down  insoluble  plant  foods  and  store  a  heavy 
percentage  in  roots,  stalks  and  leaves.  On  their  return  to  the  soil  these  stalks 
and  roots  serve  the  double  purpose  of  organic  matter  and  of  carriers  of  avail- 
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able  food.  Throughout  preceding  pages  no  attention  has  been  given  to  this 
power  of  plants  to  act  as  miners  and  refiners  of  insoluble  native  rood  elements 
in  the  soil.    Their  action  in  liberating  locked-up  elements  is  conuderable. 

To  discuss  the  methods  of  loosening  and  fining  the  soil  would  be  <sily  to 
repeat  what  has  been  said  in  previous  chapters.    It  can  be  done  with  a  certain 
degree  of  effectiveness  with  de^  tillage  im[dements 
Methods  of  Tillage     ana  subsoil  plows,  but  it  can  be  done  better  by  blast- 
ing.   The  explosives  reach  down  where  the  tools  can- 
not reach — with  a  thoroughness  beyond  comparison. 

The  vital  point  u  to  get  the  subsoil  at  depths  below  a  foot  worked  thor- 
oufl^y.  To  depend  on  the  soil  above  this  is  to  send  a  boy  to  do  a  man's 
wen.  The  use  of  3  or  4  feet  of  soil  by  the  roots,  rather  than  7  inches,  or 
one  foot,  obviously  is  bound  to  be  of  great  advantage  unless  the  top 
Soil  foot  is  exceptionally  rich.  The  rate  of  liberation  of  the  insoluble  elements 
fran  one  foot  of  soil  seldom  is  great  enough  to  provide  food  for  the 
full  crop.  From  3  or  4  feet  the  amount  liberated  at  the  same  rate  will  be  3 
or  4  times  as  great,  and  is  more  likely  to  satisfy  the  trees. 

Lime  improperly  applied  will  cause  the  soil  particles  it  comes  in  contact 
with  to  give  up  all  their  plant  food,  and  it  will  decompose  organic  matter  very 
fast;  hence  its  use  should  be  planned  carefully.  Burned  Irnie,  either  steam 
slaked  or  air  slaked,  is  much  bwre  violent  in  its  ac^n  oa  the  soil  particles 
than  ground  limestone.  The  latter  is  mild  and  slow  when  applied  in  any 
quantity:  the  former  should  be  strictly  limited  in  quantity  and  should  be 
thwoughly  and  evenly  distributed  and  mixed  with  the  soil. 

In  soil  that  is  properly  porous  and  fme,  lime  applied  to  the  surface  is  car- 
ried all  through  the  ground  to  a 
depth  of  3  or  4  feet  within  a  com- 
paratively short  time.  In  c«n- 
pacted  soil,  as  when  the  groimd 
under  the  usual  furrow  depth  has 
Dot  been  broken  up  for  years,  lime 
organic  matter  and  rainfall — and 
roots — are  kept  near  the  surface 
while  ground  moisture  and  seven- 
nghths  of  the  plant  food  that  ought 
to  be  used  are  kept  below,  safely 
and  uselessly — stored  for  the  boie- 
lit  of  future  generations  of  farmers. 

The  NitTogen  Problem 
The  relation  of  deq>  tillage  to 
the  suiq>ly  of  nitrogen  in  the  soil 
is  not  so  direct  as  to  the  supply  of 
phosphorus  and  pota^  but  none 
the  less  definite.  Tillae^  together 
with  proper  accompanying  orchard 
[practices,  will  keep  the  soil  sup- 
plied with  all  the  nitrogen  the  tree* 
need. 

diii5?*rns  5s:id"br^'s!^?'S'S;r/,:2      i-  chii« »« d«p<»its  of  mtro- 
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fertilizers  to  carry  nitrogen  into  the  soil.    Other  commercial  fertilizers  bearing 

nitrogen  are  cotton  seed  meal,  bone,  meat  scrap 
Nitrogen  in  Commercial  and  dried  blood.  In  them  the  nitrogen  costs  12 
Fertilizers  to  40  cents  a  pound  at  usual  market  prices.    This 

nitrogen  is  an  exceedingly  expensive  plant  food 
compared  with  phosphorus,  and  compared  with  the  value  of  the  growth  it 
makes,  though  its  use  in  these  high-priced  forms  may  be  profitable  wfaoi  well 
directed. 

A  cheap  source  of  nitrogen,  however,  is  the  air.  The  air  is  75%  nitrogen. 
Over  each  acre  of  ground  there  is  an  unlimited  supply  of  it.    The  cost  of  getting 

nitrogen  from  the  air  is  small.  In  many  cases  enough 
Nitrogen  in  the  Air    other  benefits  are  derived  from  the  process  to  give  a 

profit  in  addition  to  the  nitrogen.  Probably  it  is 
better  to  say  that  the  processes  which  produce  the  nitrogen  are  required  any- 
how in  nearly  the  same  form  to  establiili  and  maintain  good  soil  structure  and 
texture. 

This  atmospheric  nitrogen  gets  into  the  soil  as  one  of  the  componoits  of 
organic  matter — ^in  leaves,  stalks,  roots  and  seeds.  The  plants  which  are 
richest  in  nitrogen  are  the  legumes— ckvers,  peas,  beans  and  vetch.  But  all 
plants  contain  some  of  the  valuable  substance. 

The  amount  of  nitrogen  needed  by  orchards  will  likely  be  50  to  150  pounds 
a  season.    Heavy  crops  of  com  require  150  pounds.    Light  crops  of  wheat 

require  as  low  as  48  pounds.  The  cost  of  these  quanti- 
Amount  Used  by  ties  of  nitrogen  if  all  is  bought  at  current  prices  in  com- 
Orchards  mercial  fertilizers  is  prohibitive. 

In  the  usual  soil  there  is  but  little  nitrogen.  A 
chemical  analysis  likely  will  show  a  few  hundred  pounds  to  the  foot  in  depth 
over  each  acre,  though  soils  unusually  rich  in  organic  matter  may  contain  several 

thousand  pounds.  But  unlike  insoluble  potash 
Soil  Supply  Dissipated    and  phosphorus,  on  the  ordinary  farm  nitrogen 

soon  becomes  soluble  in  the  top  foot  of  soiL  When 
the  leaves,  stalks  and  roots  carrying  it  decay,  it  is  liberated,  and  in  the  free 
state  any  surplus  not  taken  up  by  roots  leaches  away  and  is  lost  within  a  few 
months.  On  this  account  the  supply  in  the  soil  can  be  kept  up  only  by  adding 
to  it  every  year  or  so  the  quantity  taken  out  by  the  trees  and  lost  through  inci- 
dental leaching. 

The  legumes  gather  more  nitrogen  from  the  air  than  other  plants  because 
of  certain  bacteria  which  accompany  them  on  their  roots,  and  without  which 
they  do  not  thrive.  A  ton  of  legume  hay  contains  about  40  pounds  of  nitrogen. 
The  different  legumes  vary  a  little  in  content  of  nitrogen,  and  in  the  amount 
carried  above  and  below  die  ground.    But  in  general  it  is  near  enough  correct 

to  count  that  every  ton  of  dry  plant  growth  of  clover. 
Amount  in  Legumes  beans,  peas  or  vetch — ^roots,  stalks,  leaves  and  blos- 
soms— will  give  you  the  40  pounds  of  nitrogen.  Since 
an  average  crop  of  these  plants  is  a  couple  of  tons  or  more,  their  annual  use  as 
cover  crops  will  increase  the  supply  of  nitrogen  against  all  losses  without  the 
addition  of  large  amounts  in  conunercial  fertilizers. 

Legumes  get  a  large  part  of  the  nitrogen  they  use  from  the  air  and  a  smaller 
part  from  the  soil.  Before  they  will  succeed,  the  soil  must  contain  a  little 
nitrogen  and  must  be  loose  and  porous.  In  a  soil  that  is  harsh  and  devoid  of 
practically  all  nitrogen  the  start  should  be  secured  by  first  using  lime  and  then 
turning  under  rye,  or  some  other  plant  that  will  provide  organic  matter,  thor- 
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oughly  loosening  and  fining  it  at  the  same  Ume.  CondiUont  then  toon  will  be 
sudi  at  to  permit  of  the  succes^l  growth  of  good  crept  of  the  more  valuable 
plants. 

It  is  the  top-soil  that  under  usual  conditions  of  shallow  tillage  contains 
practically  all  the  nitrogen.  The  subsoil  contains  Lttle  or  none.  The  reastm 
is  that  most  of  the  organic  matter  carrying  the  nitrogen  that  it  turned  under 
it  placed  in  the  bottom  of  the  furrow,  or  is  diitributed  from  this  depth  upward. 
Under  any  tillage  system,  the  bulk  of  the  organic  matter  put  into  the  toil 
mutt  be  merely  plowed  down.  It  cannot  be  mixed  with  the  deeper  soil  immedi- 
ately, except  in  the  form  of  the  roots  that  penetrate  deeply  and  that  carry  down 
much  nitrogen.  It  it  not  long  before  deeply  broken 
Getting  Nitrogen  soil  becomet  impregnated  with  a  tmall  amount  of 
Distributed  Deeply  nitrogen  at  far  down  as  it  it  lootened  and  powdered. 
This  cannot  help  being  (^  great  advantage  to  trees, 
the  roots  of  which  occupy  the  lower  soil  rather  than  the  top  7  inches.  When 
the  trees  are  compelled  to  get  all  their  nitrogen  out  of  the  top  few  inches,  or 
at  most  the  top  foot  of  soil,  in  orchards  worked  no  deeper  than  the  plow  goes, 
they  seldom  get  all  the  nitrogen  they  need  because  only  part  of  their  root  lyttem  ' 
can  get  at  iL 

Too  much  itrett  cannot  be  placed  on  the  vahie  d  a  deep  layer  erf  loote, 
fine  soil  as  a  filter-bed  that  will  catch  escaping  nitrogen  and  other  plant  foods. 
The  excess  water  that  percolates  throu^  4  feet  of 
Loose  Soil  Prevents     fine  soil  particles  loses  much  of  any  burden  it  carries, 
Leadling  Loss  and  thit  salvaged  material  is  deposited  deeply,  where 

it  it  relatively  tafe  from  further  leaching  at  well  as 
convenient  to  roott  under  proper  condition. 

It  should  be  understood  that 
free  nitrogen  it  not  taken  right 
out  of  the  air 
Tillage  Helps  and  fed  directly 
Nitrification  to  roott.  It  has 
to  go  through  3 
or  4  chemical  changes  before  it 
reaches  the  stage  in  which  roott 
can  take  it  from  the  moitture 
films  in  the  toil  particlet.  Thete 
changes,  known  to  agriculturists 
as  nitrification,  are  important  in 
this  discussion  only  because  they 
require  air,  capillary  moisture  and 
bacterial  action. 

The  process  d  nitrification  is 
much  hastened  when  soil  condi- 
tions are  good.  In  fad,  in  soil 
did  lacl^s  ait  and  which  is  either 
aery  uxi  or  eery  dry,  it  is  difficuh 
to  kt^p  nitrogen  in  an  available 
form,  no  matter  how  much  organic 
matter  may  be  present.  It  either 
At  LT«hborfc  »^  btaMiiw  di.MUKn.hMi.  "»  l'b«"t«l  "id  "capc^  or  it  re- 
S?"'2^!5?¥.*^,.™'.  ^!5??.".!f?^?^??',??..':  y^rtt  to  an  unavailable  fonn. 
This  is  illustrated  in  muck  and 


peat,  soils  that  are  almost  entirely  composed  of  the  remains  of  plants,  rich  in 
nitrogen  in  an  insoluble  form,  llierefore,  adequate  supplies  of  free  nitrogen 
are  to  be  found  only  in  soils  that  are  well  and  deeply  woHced. 

The  methods  of  working  the  soil  are  unimportant,  so  long  as  they  are  thor- 
ough and  effective  enough.  Deep  tillage  implements  will  do  good  work  to  a 
depth  of  18  inches  under  favorable  conditions.  Blasting  will  do  evoi  better 
work  to  any  required  depth.    The  repetition  of  the  full  discussions  of  this 

matter  on  pages  1 14  and  1 20  is  not  necessary  here. 
Methods  of  During  years  past  some  friends  of  soil  blasting  have 

Working  Soil    claimed  for  it  certain  other  advantages  that  never  have  been 

proved.  It  is  unnecessary  and  undesirable  to  list  them  in 
this  bulletin,  for  no  exact  data  are  available  on  which  to  base  conclusions. 
Furthermore,  whether  or  not  such  claims  are  true  is  of  little  importance,  because 
oi  the  overwhelming  value  of  the  direct  physical  tillage  action  of  proper  soil 
b!<isting,  which  cannot  be  questioned.    Soil  hlasLing  is  irdemive  deep  idlaie. 
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Treatment  of  Different  Soils 

Practically  all  clay  and  loam  toils  respond  vrondeifully  to  tillage  blasting, 
requiring  only  the  addition  of  lime,  the  required  fertilizers  and  cover  crops,  of 
course,  to  make  them  produce  reo^-breaking  crops.  But  there  are  a  few 
soils  that  differ  in  nature  from  clay  and  loam  to  such  an  extent  that  Intensive 
deep  tillage  is  of  no  benefit  to  them. 

One  way  of  making  clear  the  proper  treatment  for  each  soil  would  be  to 
describe  every  important  soil  in  the  country,  giving  its  nature  and  suggestions 
for  exactly  the  sort  oi  tillage  best  suited  to  it.  For  instance,  we  might  describe 
limestone  soils,  redshale  soils,  sassafras  soils  and  so  cm  down  a  long  list,  making 
dear  the  types  of  each  soil.  This,  however,  would  be  a  cumbenomc  way  of 
going  about  the  matter. 


Soils  are  classified  by  the  Government  and  by  agricultural  authorities 
largely  according  to  their  origin,  as  is  illustrated  in  the  ones  named  above. 
Yet  to  the  practical  orchardist,  with  a  practical  problem  in  fertility  and  mois- 
ture supply  to  solve,  the  vital  factor  is  first  the  size  of  the  particle  and  second 
the  condition  of  the  soil  with  respect  to  amount  of  organic  matter  present  in 
the  particular  land  he  has.  Therefore,  it  seems  that  the  things  to  talk  about 
here  are  the  structure,  texture  and  condition  of  soils,  rather  than  their  origin. 

About  10  types,  or  degrees  of  fineness  of  particle,  usually  are  recognized, 
ranging  from  pure  clay,  through  various  degrees  of  silt  and  loam,  to  pure  coarse 
sand.  The  clays  have  the  finest  particles;  the  sand  the  coarsest.  As  a  general 
rule  it  can  be  said  that  the  small^  the  particle  of  the  soil  the  greater  the  benefit 
it  will  derive  from  any  sort  of  intensive  tillage. 

The  fine  particles  seem  to  give  up  their  natural  fertility  easier  than  the 
cosrse  Wicb-— they  respond  more  to  proper  cultivation.  As  the  size  of  the 
particles  increase,  less  and  less  plant  food  will  be  released  from  them  under 
any  conditions,  and  less  and  less  improvement  will  be  made  by  intensive  tillage 
in  the  drainage,  moisture  storage  capacity  and  nitrogen  supply. 
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When  the  particles  reach  the  size  of  SAND  and  especially  COARSE  SAND, 
with  little  or  no  clay  or  loam  added,  the  soil  has  all  the  porosity  it  needs  and 
the  particles  are  located  so  as  to  give  their  greatest  surface  area  per  cubic  foot 
of  soil  when  the  ground  is  packed  about  as  hard  as  it  ever  gets.  To  loosen  up 
such  a  soil  decreases  its  moisture  storage  capacity,  already  low,  without  any 
other  effects.    Such  coarse-grained  soils  should  not  be  blasted. 

Are  composed  of  the  remains  of  plants  mixed  with  sediment 
Muck  Soils    deposited  by  standing  water,    llie  material  remains  muck 

instead  of  decomposing  further  and  becoming  loanu  because  of 
the  absence  of  air  and  bacterial  activity.  They  should  first  of  all  be  drained 
of  their  excess  water  by  proper  ditching.  This  will  leave  them  porous  enough 
for  best  results  without  further  loosening. 

Vary  greatly  in  structure  and  conditicm.    Their  moisture  holding 
Clay  Soils    capacity  is  high,  and  they  usually  need  draining.    Some  of  them 

have  clay  and  nothing  but  clay,  compact  and  practically  water- 
ti^t  from  top-soil  to  a  depth  beyond  the  reach  of  roots.  Such  a  clay  soil 
should  be  broken  up  and  fined  to  a  depth  of  about  4}/^  feet  under  ordinary 
circumstances,  as  this  is  about  all  the  depth  that  can  be  kept  open  and  porous. 
While  in  some  clay  soils  the  layer  of  day  may  be  thin — often  only  6  inches — 
in  others  it  is  3  or  4  feet,  or  evtxi  5  or  6  feet  thick.  Under  the  day  there  is 
often  a  layer  of  gravel  or  sand.  Such  soils  should  be  broken  up  dear  to  the 
bottom  of  the  day  layer,  and  if  the  clay  is  thin  and  near  die  surface,  the 
breaking  should  extend  into  the  layer  of  earth  under  it,  at  least  through  a  total 
depth  of  4  feet. 

Also  vary  greatly  in  structure  and  condition,  but  almost  univer- 
Loam  Soils    sally  they  require  the  same  sort  of  deep  tillage  for  planting  trees. 

They  should  be  fined  and  loosened  to  a  depth  of  at  least  4  feet. 
Occasionally  loam  should  be  loosened  deeper,  on  account  of  need  for  drainage. 
The  subsoil  of  long-cultivated  loam  generally  is  very  much  compacted.  These 
soils  usually  are  fairly  well  drained  naturally,  but  may  require  spedal  attention 
in  this  respect.  Coarse  sandy  loams  and  gravelly  loams  sddom  require  deep 
tillage. 

And  other  layers  of  ti^t  soil  may  be  found  in 
Hardpan,  Cemented  either  day  or  loam,  and  sometimes  even  in  sandy 
Gravely  Bound  Loams  ground.  The  partides  of  the  hardpan  usually  are 
and  Sands  very  fine.    This  layer  of  compacted  and  hardened 

material  may  be  as  thin  as  3  inches  or  as  thick  as 
6  feet.    It  should  be  broken  entirely  through  in  every  orchard  where  found. 

Do6s  not  differ  in  tillage  requiremoits  from  soil  without  stones. 
Stony  Land    The  stones  seem  to  help  in  moisture  storage  a  little,  and  in 

orchard  soil  are  not  regarded  as  a  detrimoit  if  they  are  small. 
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How  to  Blast  Orchard  Soil 

Proper  preparation  of  ground  for  planting  trees  is  little  different  from 
correct  tillage  of  orchard  soil  between  and  under  growing  trees.  The  principles 
are  the  same  and  the  mechanics  of  the  actual  blasting  ^er  but  little. 

The  first  care  in  every  case  must  be  to  see  that  the  subsoil  is  dry.    THE 

SOIL  SHOULD  BE  AS  DRY  AS  POSSlBLE-the 

Soil  Must  be  Dry    drier  the  better.    Unless  the  subsoil  is  so  dry  that  it 

has  but  little  plasticity  the  action  trf  an  explosive  will 

not  give  ^e  maximum  quality  and  quantity  of  tillage  results. 

The  reason  why  soil  cani>ot  be  blasted  with  proper  results  when  it  is  damp 
or  wet  is  easily  shown.  Strike  a  wet  clod  with  a  spade.  Instead  of  loosening 
under  the  pressure  the  clod  becmnes  conqiact  and  malces  a  solid  lump.  Now 
strike  a  dry  clod  in  the  same  way  and  you  will  crumble  it.  If  it  is  very  dry  you 
will  pulverize  much  of  it  into  dust.  Damp  and  wet  soil  becomes  compiact  under 
pressure.    Dry  soil  crumbles. 

If  ground  a  wet  or  quite  damp  when  it  is  blasted,  the  effect  is  only  to  make 
a  ball-shaped  hole  2  or  4  feet  underground,  more  or  less  covered  with  loose 
earth.  The  soil  for  about  a  foot  on  all  sides  c^  the  immediate  spot  where  the 
charge  of  explosive  was  located  will  be  compressed  instead  of  shattered.  The 
sides  of  the  hole,  so  formed,  and  the  bottom,  will  be  ti^tly  packed.  A  few 
cracks  may  extend  into  surrounding  soil,  but  95%  of  the  effect  (rf  the  blast 
will  be  confined  to  a  sphere  2  or  3  feet  in  diameter,  with  positive  packing  instead 
of  loosening.  THIS  IS  NOT  GOOD  SOIL  BLASTING.  It  will  not  give  the 
bendits  that  have  been  described  in  previous  chapters  of  this  bulletin.  Except 
in  isolated  instances  it  will  disappoint  anyone  who  tries  it  with  the  expectation 
of  good  results. 


M  •!«  inclDded  lo  ihow  Iwa  thints.  One;  bov  nor  to  bUal  tres  beds-  nntr  parmlt  Cha  bUat 
« th»B  bUaU  are  doing.  Keep  the  unonnl  of  tbe  BipKniTB  reduced  W  Uia  Mint  »£eia  the  wail  Ac 
iH  be  only  heaved.  The  oUier:  how  a  bUul  cnimblei  di;  soU;  ihe  croond  Ci  drlai  Id  Iba  left-tLild 
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The  conflicting  results  from  "soil  blasting"  which  have  been  noted  in 
various  orchard  experiments  and  tests,  and  about  which  much  discussion  has 
been  aroused,  have  been  due  largely  to  variation  in  the  condition  of  the  soil  at 
the  time  of  blasting.  As  might  be  expected  with  a  new  process,  the  methods 
of  practice  have  not  become  standardized.  There  are  as  surely  right  ways  and 
wrong  ways  of  blasting  as  of  plowing.  Much  of  the  blasting  of  the  past  few 
years  has  been  done  in  ways  that  in  the  light  of  present  knowledge  could  be 
expected  to  give  but  little  if  any  benefit. 

When  the  soil  is  dry  at  the  time  of  blasting,  the  effects  of  the  explosion 
re^ch  out  many  times  further  than  when  it  is  damp,  and  the  breaking  and 
fining  action  of  the  gases  is  much  more  thorough  and  complete.  If  any  cavities 
are  formed  underground  they  can  be  easily  filled  by  running  a  shovel  into  the 
bed  of  the  blast.    In  actual  planting,  the  loosened  dirt  should  be  shoveled  out. 

In  respect  to  the  time  or  date  of  blasting,  good  results  are  derived  when 

the  work  is  done  just  before  the  trees  are  planted — pro- 
When  to  Blast    vided  the  ground  is  dry.    It  is  rather  difficult,  however,  to 

bring  the  two  operations  together  while  doing  both  justice. 

Trees  usually  should  be  planted  when  the  ground  is  damp  or  wet.  You 
can  plant  trees  in  dry  ground  successfully,  however,  though  you  cannot  blast 
wet  ground  successfully  under  any  circumstances.  If  you  plant,  in  dry  ground 
use  two  or  three  gallons  of  water  about  each  tree.  ^ 

Spring  usually  is  the  best  season  to  plant  in  the  North,  but  blasting  ground 
in  the  spring  before  too  late  to  plant  trees  is  a  matter  of  luck.  Proper  condi- 
tions occur  at  that  season  only  once  in  several  years.  Sometimes  you  can  do 
it;  more  often  you  cannot.  Fall  planting  usually  is  not  advisable  in  the  North, 
though  in  the  South  it  often  is  to  be  preferred.  In  fact,  in  the  South,  planting 
can  be  done  successfully  without  interruption  from  the  time  the  leaves  drop  in 
autumn  till  the  buds  open  in  the  spring. 

All  things  considered,  blasting  of  orchard  soil  usually  can  be  done  to  the 
best  advantage  in  July,  August  or  September,  after  a  prolonged  rainless  period 
of  weather.  Sometimes  the  ground  is  dry  enough  in  May  or  June;  once  in  a 
while  it  is  dry  enough  in  October  or  later  in  the  fall. 

Blasting  soil  in  the  summer  or  fall  for  planting  the  following  spring  is 
entirely  successful.  The  plan  has  many  advantages.  The  action  of  sun,  air, 
frost,  water  and  other  agencies  during  the  winter  on  the  loosened  soil  results 
in  much  increase  in  its  fertility  and  cavities  made  by  the  blast  become  filled. 
A  cover  crop  should  be  growing  during  the  fall  mon^s  in  the  blasted  ground, 
whether  the  tree  is  planted  or  not. 

When  planting  must  be  done  in  the  spring  and  the  soil  blasting  has  not 
been  done  ^e  previous  fall,  it  is  all  right  to  blast  if  the  subsoil  is  dry,  and  will 
conform  with  the  tests  given  on  page  131,  but  if  it  is  wet,  the  better  plan  is  to 
plant  the  trees  without  blasting,  then  to  blast  the  soil  about  them  during  the 
following  summer.  This  can  be  done  with  satisfaction.  The  details  are  ex- 
plained on  page  1 37. 

The  proper  position  of  the  charge  in  the  soil  depends  on  the  nature  of  the 
soil.    It  should  be  deep  enough  to  break  the  soil  down  4  feet,  and  in  many 

cases  the  effect  of  the  blasting  should  extend  deeper. 
Depth  for  Charges    even  as  deep  as  6  or  8  feet,  but  such  depths  of  blasting 

are  advised  only  for  a  few  kinds  of  trees.  Individual 
comments  on  certain  soil  conditions  are  necessary  to  make  clear  the  proper 
depth  for  charges. 

It  must  be  understood  that  intelligent  placing  of  charges  depends  altogether 
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en  eumination  d  the  toil  with  an  auger  or  by  digging.    Without  the  tesU  it  U 
guestwork. 

The  proper  depth  of  the  charge  d^iends  on  the  thicknos  of  the  hardpan 
layer.    In  any  case  the  soil  should  be  broken  to  a  depth  of  4  feet. 
Hardpan    U>ually,  the  layer  of  hardpan  is  so  placed  that  the  charge  should 
be  located  about  ^  of  the  way  down  throu^  it. 
In  case  the  layer  of  hardpan  is  thicker  than  4  or  5  feet,  it  is  ahnost  impos- 
sible to  break  it  entirely  through  at  a  reasonable  cost.    The  charges  should  be 
placed  in  such  soil  about  4  feet  deep  with  the  object  of  loosoiing  and  fining  a 
section  of  the  soil  4  feet  deep,  leaving  the  underlying  hardpan  intact.    But  it 
ia  best  to  break  the  hardpan  entirely  through  to  a  x^ter,  more  open  layer  <rf 
eaith  underneath  when  practkable. 

When  there  is  loose  or  open  ground  below  a  relatively  high  and  thin  layo- 
of  hardpan,  the  charges  of  explosive  should  not  be  placed  so  near  the  bottom 
of  the  layer  that  the  force  <rf  the  explosion  will  escape  into  the  loose  ground  below 
and  only  break  the  hardpan  into  large  chunks  instead  of  crumbling  it.  The 
remedy  is  to  locate  the  charge  higher  in  the  hardpan,  but  do  not  place  the  charge 
so  high  in  the  layer  that  the  blast  will  break  through  to  the  surface  ai  the  ground 
without  ahattoing  the  hardpan  to  softer  ground  below. 

CEMENTED  GIUVEL  and  other  ti^t,  bound  soils  usually  lie  in  layers 
similar  to  hardpan,  and  should  be  blasted  in  a  similar  manner. 

Clay  soils  may  be  composed  of  solid  clay  or  the  clay  may  lie  in  thin  or 
thick  layers.    Also  the  clay  may  be  near  the  surface  or  may  be  covered  with 
I  or  more  feet  <^  loam  or  sand.   When  this  occurs,  the  clay,  if  less  than  4  or  5 
feet  thkk,  should  be  broken 
Clay   through  to  more  opoi  soil 
beneath.     The  placing  of 
the  charges  to  do  this  u  precisely 
the  same  as  in  hardpan,  as  de- 
scribed in  the  previous  paragrE^. 
Where  a  thin  water-ti^t  layer  of 
clay  occurs  4  or  5  feet  below  the 
surface,  the   charges  should  be 
placed  ri^t  down   on  the  clay, 
in  order  to  break  it  throu^. 

Loam  soils,  of  all  kinds,  aSa 
simple  problems.     They  may  or 
may  not  have  a  plowsole.    The 
sulraoil  may  be  loose  or  very  com- 
pact.     In  any  case 
Loam  Soils    the   charge  ^ould 
be    about   3    feet 
deep.    Loams  containing  a  large 
amount  of  fine  earthy  sediment 
are  benefited  by  loosening  and 
fining,  but  the  charges  should  be 
placed  well  to  the  surface— say 
within  2  or  2J^  feet  in  depth. 
A  tnteti  be*  la  th«  orchaid  cif  H.  H.  MaiM,      When  the  subsoil  is  heavy,  as 
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Shale  and  alate  surface  soiU,  whether  f£  clay,  land  or  loam  type,  dttxi 

are  underlaid  with  rock.   This  rock  may  be  brittle  and  toft. 

Shale  and  State     and  may  be  brdcen  up  to  give  more  root  apace.    Place 

charges  in  the  rock  as  de^  as  18  inches  below  Che  last  of 

the  loose  soil.    The  charges  should  be  heavier  than  for  blasting  hardpan. 

The  amount  of  explosive  to  use  in  each  charge  must  be  governed  by  the 
depth  at  which  the  charges  are  placed  and  the  hardness  of  the  soil.  A  strmigly 
cemented  hardpan.  for  instance,  will  require  almost  double 
Size  of  Charges  the  charge  that  is  proper  for  a  relatively  light  soil.  Clay, 
when  heavy,  requires  abnost  as  much  explosive  to  the 
charge  as  hardpan,  thou^  it  shatters  under  much  leu  force  whoi  it  verges 
close  on  having  a  loamy  nature. 

Fortunately,  no  doubt  is  necessary  about  the  correct  size  of  the  charge 
for  any  particular  soil,  as  there  is  an  unfailing  rule  which  determines  the  cor- 
rect amount  c^  explosive  to  use.  After  you  haee  made  sure  of  the  proper  depth 
for  the  charge  by  boring  or  digging  irtio  the  soil  and  locating  and  iderdifying  the 
tariisua  layers  composing  it,  cue  just  ertough  explotiiK  at  this  depth  to  break  the 
ground  to  the  surface  u)ithout  blowing  oat  a  crater.  The  surface  of  the  ground 
diould  be  heaved  and  lifted,  especially  showing  a  bulge  over  the  charges,  but 
very  little  of  the  ground  should  rise  into  the  air  at  the  time  of  the  blast.  When 
the  ground  is  quite  dry  the  explouon  will  create  considerable  dust,  \t4uch  will 
float  above  the  surface. 

The  usual  charge  for  blasting  tree  beds  will  be  about  half  a  cartridge  of  ex- 
plosive Q/^  pound)  when  the  charge  is  located  3  to  3^  feet  deep.    At  4  feet, 
^  of  a  cartridge  likely  will  be  required.    At  2^  feet  deep  the  charge  likely  will  be 
only  ^  cartridge.    These  figures 
should  be  the  basis  for  making  the 
lirst  test  shots,  but  after  the  tests 
the  size  of  the  charge  should  be 
regulated  entirely  by  the  results 
noted,  as  described  above. 

It  must  be  remembered  that 
some  soils  require  considerably 
heavier  charges  than  the  above 
stated  ones.  It  is  no  rarity  to  Bnd 
a  hardpan  condition  requiring 
I -cartridge  charges  placed  at  a 
depth  of  4  to  43^  feet,  and  certain 
hardpan  and  clay  conditions  re- 
quire the  placing  of  2-cartridge  or 
even  heavier  charges  at  depths  of 
6  feet. 

In  general  small  charges  are 
more  desirable  than  krge  ones  for 
tillage  blasting  or  orchards.  The 
usual  method  of  blasting  ground 
for  trees  is  to  place  one  charge 
where  each  tree  is  to  stand. 

The  trend  c^  practice  among 
those  who  have  studied  the  matter 
and  have  had  much  experience  is 
to  use  several  li^t  charges  placed 
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not  vny  far  apart  rather  than-  one  large  charge,  to  do  the  same  work  in 
preparing  the  ground  for  a  tree,  or  in  tilling  the  ground  about  one.  This  ii 
particularly  applicable  in  deep  clay  and  hardpan. 

An  explosion  is  necessarily  more  violent  close  to  the  charge.    Its  fining  and 
crumbling  effect  dimini^es  as  the  dbtance  from  the 
Number  of  Charges     charge  increases,  hence  3  small  charges  placed   at 
per  Tree  the    comers   of    a   triangle,  or   5  small  charges  dis- 

tributed over  an  area  about  the  point  where  a  tree 
is  to  be  set,  will  produce  a  condition  superior  to  one  charge  located  in  the 
center  of  the  area. 

The  distance  between  charges  is  <rf  course  governed  by  the  spacing  of  the 

trees  when  only  one  charge  is  used  in  each  tree  bed. 

Spacing  Charges     When  mort  than  one  is  to  be  used  for  each  tree  and  uihen 

the  ground  between  the  trees  is  to  he  blasted,  the  charfes 

should  oe  so  spaced  as  to  break,  "P  oil  the  grotrnJ. 

When  3  or  5  shots  or  more  are  used  for  each  tree  or  tree  bed,  the  spacing  be- 
tween charges  should  be  6  to  10  feet.  In  case  cf  bbsting  the  ground  between 
trees  the  charges  can  be  spaced  6,  10  and  sometimes  even  18  feet  apart.  The 
only  way  to  determine  exactly  how  far  it  is  best  to  space  them  is  to  dig  or  probe 
into  the  ground  after  3  or  4  trial  shots.  Note  how  far  the  crumbling  and 
pulverizing  cSex±  of  the  blasts  extend  and  q>ace  the  charges  accordingly. 

In  ordinary  loam  the  average  properly  balanced  blast  will  break  as  far  as 

8  or  9  feet  away,  though  the  ground  at  the  edges  of  this  circle  will  not  be 

well  shattered.    When  the  orchard  is  large  each  charge  should  be  reUed  on  for 

its  extreme  range,  but  in  small  orchards,  particularly  in  home  fruit  gardens, 

where  economy  in  the  blasting  can 

be  a  secondary  consideration,  the 

soils  should  be  blasted  with  charges 

placed  from  6  to  10  feet  apart. 

The  holes  should  be  made 
straiE^  down.  Soil  that  is  dry 
enoi^  to  be  blasted  offers  con- 
uderable  resistance  to  a  bar  or 
soil  auger.  Ordinarily  the  subsoil 
bar  will  make 
Making  Holes  the  hole  quicker 
and  with  less 
work.  In  stony  land  the  bar  must 
be  used.  Sometimes  a  good  prac- 
tice is  to  drive  the  bar  down  a 
foot  or  a  foot  and  a  half,  or  as  far 
as  it  will  go  under  a  few  strokes 
<^  the  sledge,  then  use  the  auger 
for  the  rest  of  the  depth.  When 
drilling  dry  ground  with  the  bar. 
the  hole  should  be  filled  with 
water. 

The  holes  should  be  loaded 

A.  Hunowtti  BiKk  Twtg  >|>|4<  ti»  in  iba  Ko»       in  the  ordinary  way,  as  explained 
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inches  of  dirt,  but  do  not  pack  or  tamp  it,  then  insert  the 
Loading  (^barges    tamping  stick  and  as  you  push  in  more  dirt  work  the 

tamping  rod  up  and  down  and  close  the  hole  up  tight  to 

the  surface,  being  careful  not  to  kink  the  fuse  or  the  electric  detonator  wires. 

The  charges  can  be  exploded  with  cap  and  fuse  or  with  a  blasting  machine 

and  electric  blasting  cap.   When  the  charges  are  close  enough  together  to  make 

the  breaking  overlap  at  the  time  of  the  explosions,  it  may 
Firing  Charges    be  of  advantage  to  fire  them  simultaneously,  owing  to  the 

somewhat  greater  execution  developed.  This  calls  for  elec- 
tric firing.  When  the  charges  are  spaced  so  far  apart  that  they  will  not  break 
all  the  intervening  ground,  simultaneous  firing  is  of  no  advantage.  Electric 
firing  involves  more  trouble  than  fuse  firing,  and  is  considerably  more  eiq3ensivt« 

The  explosive  to  use  for  blasting  orchard  soil  invari- 
Kind  and  Grade  ably  should  be  a  comparatively  slow  acting  one.  Since 
of  Explosive  the  ground  always  is  dry,  no  waterproof  qualities  are  re- 

quired. Use  20%  strength  ammonia  dynamites. 

Making  the  holes  in  the  ground  is  the  big  labor  item. 
Time  and  Cost    Loading  and  firing  labor  is  small.    One  man  should  make 

and  load  50  to  100  or  more  holes  per  day  in  loam  or  silt 
soils  in  good  condition.  In  certain  hardpan  soils  the  same  man  might  make 
less  than  50  holes  a  day. 

The  cost  of  both  labor  and  explosives  varies  so  much  from  time  to  time 
and  from  place  to  place  that  to  name  a  definite  figure  of  cost  for  blasting  orchard 
soil  is  risky.  The  cost,  however,  ought  not  to  exceed  ten  cents  per  shot,  on  a 
baisis  of  half  a  cartridge  per  charge. 

G>mputation  of  the  average  cost  per  acre  is  inaccurate,  because  no  two 
orchards  will  demand  the  same  treatment.  By  figuring  the  cost  per  tree,  or 
per  charge,  and  using  the  following  table  to  determine  the  number  of  trees  or 
charges  in  an  acre,  you  can  arrive  at  about  what  the  acre  cost  in  your  orchard 
will  be.  Nearly  every  fruit  grower  knows  how  many  trees  he  has--knows  this 
when  he  does  not  know  the  exact  acreage — and  the  cost  for  the  whole  orchard 
easily  can  be  figured  on  the  tree  basis. 

Number  of  holes  to  an  acre.      At  various  spacings. 


35   " 

1            ^t 

30   " 

25   " 

20   " 

18   " 

15    " 

12   " 

10   ' 

8   • 

6   " 

* 

ire  method 

triangular  method 

27 

31 

35 

40 

50 

55 

70 

80 

110 

125       . 

135 

155 

195 

225 

305 

350 

435 

505 

680 

675 

1.210 

1.600 

It  does  not  cost  less  to  blast  tree  beds  than  it  does  to  dig  the  holes,  though 
the  blasting  may  save  some  labor.  The  soil  can  be  shoveled  out  of  a  blasted 
tree  bed  quickly,  but  digging  without  blasting  is  a  slow  job.  To  make  the 
holes  for  the  charges,  to  load,  to  fire  and  to  shovel  out  the  dirt,  takes  about  as 
much  time  as  to  dig  average  holes. 
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Blasting  Soil  in  Standing  Orchards 

To  blast  the  soil  in  orchardt  already  planted,  even  when  the  trea  have 
reached  full  size,  is  entirely  practlcahle.  In  fact,  this  is  one  of  the  recognized 
methods  of  renovating  and  improving  old  orchards. 

Precisely  the  same  prindples  apply  to  this  blasting  as  to  blasting  the  soil 
in  preparation  for  planting  trees.  The  only  difference  is  that  imposed  by  the 
necessity  for  avoii^ng  the  bruising  or  tearing  of  roots.  The  ground  must  be 
dry  and  the  charges  must  be  pkc«l  at  the  dqtth  demanded  by  the  nature  and 
ctnidition  (J  the  soil 

Ordinarily  the  best  way  of  going  about  the  work  is  to  put  in  the  ground 
very  light  charges  04  ^^H  ■  cartridge  <rf  explosive)  at  the  proper  depth  about  the 
trees  under  the  end  of  the  limbs.  Most  of  the  feeding 
Size  and  Deptil  roots  likely  end  nearly  underneath  that  point.  Some  oi 
of  Charges  the  roots  within  12  to  15  inches  c^  the  charges  wiU  be 

broken  by  the  explosions,  but  beyond  this  range  they  will 
not  be  damaged  much  or  at  all 

Trees  that  have  been  planted  only  three  or  four  years  will  have  limb  spreads 
too  small  to  come  under  dm  rule.  To  blast  the  soil  about  such  trees,  keep  the 
charges  away  about  4  to  6  feet  from  the  trunks.  Each  tree-bed  should  be  busted 
with  at  least  three  charges. 

About  large  trees  the  charges  should  be  spaced  8  to  15  feet  apart,  in  order 
to  break  all  the  soil.  Possibly  the  blaster  should  be  satisfied  with  a  Uttle  less 
surface  breaking  in  a  standing  orchard  than  an  open  field  or  a  garden.  The 
correct  growing-tree  blast  will  have  little  visible  surface  effect.  Nearly  all  of 
its  eiwcution  will  be  confined  in  the  ground  2  or  4  feet  underground,  or  deeper. 

It  is  doubly  a  mistake  to  use  heavy  chams  about  growins  trees.  The 
local  effect  is  too  severe.  Charges  of  a  full  cartridge  will  break  and  bruise  a  good 
many  roots.    But  the  small  charges  recommended,  will  not,  as  a  usual  thing. 


loMretopa  wr  Mms  or  in  ol  Ihe  cimiimi  of  urlnt  fat  tha  tiara.  To  do  this  teqnlrei  that  tha  lud 
b*  ^udoctiTa  cf  tb*  cropt  Wanted  batwean  the  tt<M,  and  that  the  treai  thamaatrM  graw  fail  and 
' '-■ "—  ' —  '^-[•b«lv«*asd«ttiillr  iBseculst  boUkntnUs. 


break  roots  farther  than  a  few  inches.    Beyond  10  or  12  inches  the  ground  will 

be  loosened  and  fined  for  several  feet*  without  any  particular  hurt  to  the  roots. 

The  ground  beyond  the  ends  of  the  limbs  of  the  trees  always  should  receive 

attention.    If  you  thoroughly  and  deeply  work  this  soil,  the  new  growth  of 

roots  will  run  out  to  it  within  a  year  or  two,  accomplishing 
Blast  Soil  what  you  are  after  without  mucli  pruning  of  the  root  sys- 

Between  Trees    tern.    The  trees  in  the  average  orchard  are  spaced  only  far 

enough  apart  to  perniit  a  maximum  developnnent  of  their 
root  systems,  hence  you  should  skip  none  of  the  ground  between. 

^en  blasting  the  soil  under  aiid  about  large  trees,  it  often  is  a  good  plan 
to  blast  on  two  sides  of  each  tree  one  summer,  and  on  the  remaining  two  sides 
the  following  season. 

In  very  poor  soils  the  plan  of  blasting  out  deep  craters  between  the  trees 
sometimes  is  advisable.    This  serves  the  double  purpose  of  permitting  greater 

root  penetration,  improving  tilth,  and  giving  a 
Blasting  Out  Craters    chance  to  establish  a  reservoir  of  plant  food  and 

moisture  by  filling  the  hole  up  with  manure,  com- 
mercial fertilizer  and  mellow  top  soil,  mixed  together.  The  roots  quickly  will 
find  such  a  feeding  ground.  Be  sure  to  include  a  big  proportion  of  vegetable 
matter — Cleaves,  grass  or  straw — ^with  the  material  used  to  fill  the  craters. 

The  season  when  tree  blasting  had  better  be  done  is  when  the  ground  is 
dry.    The  only  possible  objection  to  August  or  September  blasting  would  be 

that  it  might  force  a  fall  growth.  To  blasting  non-bearing 
When  to  Blast    trees  in  July  there  is  no  objection,  nor  can  there  be  any  to 

blasting  after  the  first  frosts  have  come  in  the  fall  and  the 
trees  have  ripened  their  new  wood.  For  bearing  trees,  the  blasting  should  be 
done  as  soon  as  possible  after  the  first  frost. 


138 


Good  Orchard  Soil  Management 

Practical  orchardists  will  ask  how  correct  blasting  of  soil  should  be  fitted 
into  the  regular  tillage  schedule.  The  following  suggcstioiu  do  not  make  a 
comprehensive  outline  c^  the  orchard  tillage  subject,  but  are  intended  as  a 
series  of  more  or  less  connected  hints  on  methods  of  cultivattWL 

Trees  o(  any  age  grow  faster  when  well  watered  and  well  fed  than  when  cither 
water  or  food  is  restricted.  The  blasting  of  soil  is  designed  to  increase  the  su[^ly 
of  both,  hence  should  result  in  bigger  trees  at  any  age.  Other  things  equal,  big  trees 
certainly  will  bear  more  fruit  than  smaller  trees.    They  have  more  bearing  wood. 

Whether  or  not  the  trees  bear  sooner  in  blasted  ground  than  otherwise  is 
a  matter  of  condition  of  the  trees  v^ien  they  reach  4  or  5  years  d  age.  If  they 
■re  growing  very  rapidly  they  will  not  bear  well.  If  they  are  not  supplied 
with  proper  nourithiixnt,  they  will  not  bear.  The  trees  that  bear  young  are 
those  which  have  grown  vigorously  during  the  first  two  or  three  seasons,  and 
then  receive  some  aort  of  check,  but  which  have  good  food  and  water  condi- 
tions. Lack  of  moisture  in  late  June  or  early  July  may  throw  the  growth  of  a 
young  tree  into  making  fruit  buds.  Lack  of  plant  food,  summer  pruning  or 
insect  attacks  may  do  the  same.  In  any  case,  you  cannot  get  early  bearing 
from  trees  that  are  not  vigorous,  hence  to  put  the  soil  in  condition  to  produce 
vigorous  trees  is  a  step  toward  early  bearing. 

The  same  soil  condition  is  a  preventive  sA  insect  and  fungus  damage  to 
trees,  in  that  vigorous  trees  will  not  be  overcome  by  an  attack  d  scale,  cedar 
rust  or  other  orchard  enemies  as  easily  as  or  quickly  as  one  that  is  growing  slowly. 

In  the  case  of  bearing  orchards,  the  man  who  blasts  the  soil  has  every 
reason  to  expect  larger  fruit  than  the  man  who  does  not.  It  gives  the  trees  a 
p«ater  supply  of  moisture  to  put  into  the  fruit.  The  growth,  health,  and 
vigor  of  these  trees  cannot  but  be  improved  by  the  additional  supply  dt  plant 
iooA  made  available,  and  instead  of  declining  and  deteriorating,  the  trees  should 
become  stronger  and  better  each  year,  unless  they  have  already  reached  a  very 
advanced  age. 


TiUing  the  Established  Orchard 

If  possible,  plan  for  your  blasting  some  months  ahead  by  sowing  a  heavy- 
rooted  cover  crop  in  the  spring.  This  is  not  essential,  but  it  is  desirable.  Do 
the  blasting  in  the  summer  or  fall.  In  July  or  August,  if  the  spring  cover  crop 
has  not  been  plowed  down  before,  turn  it  down  and  sow  another  ^lich  should 
occupy  the  ground  until  the  following  spring. 

The  use  of  So  many  cover  crops  is  advisable  because  organic  matter  must 
be  supplied  in  plenty  to  the  soil  if  iht  correct  soil  processes  are  to  be  continued, 
and  a  proper  condition  of  granulation  is  to  be  brought  about  and  maintained. 
Blasting  or  other  forms  of  deep  tillage  and  cover  crops  go  together.  Blasting 
is  not  half  so  beneficial  without  the  heavy  growth  of  roots  as  with  them. 

In  the  orchard  where  the  clean  cultivation  system  is  practiced,  plow  as 
early  as  possible  the  next  spring  after  blasting,  and  keep  the  ground  harrowed 
every  ten  days  or  after  every  rain  until  late  in  June  or  early  in  July.  Then 
sow  a  cover  crop  again.  The  surface  mulch  of  loose  soil  conserves  the  moisture 
while  the  trees  need  it.  The  oncoming  cover  crop  takes  up  the  moisture  and 
hastens  ripening  of  soft  growth  of  the  trees  at  the  proper  time. 

The  orchard  soil  should  be  limed  liberally,  llie  best  form  of  lime  to  use 
in  orchards  is  the  ground  raw  stone.  It  should  be  applied  at  the  rate  of  2  tons 
an  acre  every  3  or  4  years.  The  first  application  should  be  made  during  the 
summer  the  blasting  is  done,  though  it  may  be  given  in  the  spring  before,  after 
the  ground  is  plowed  for  the  cover  crop. 

The  use  of  cover  crops  is  closely  associated  with  the  length  of  time  the 
effects  of  blasting  will  last.  The  deep  tillage  opens  the  soil,  let  us  say,  to  a 
depth  of  4  feet.  Unless  there  is  something  to  keep  the  particles  apart,  each 
winter  and  each  period  of  wet  weather  will  see  more  of  them  floated  together 
into  the  former  compact  conditions,  but  when  cover  crops  are  sown  the  roots 
go  down  to  the  bottom  of  the  layer  of  loosened  ground,  and  act  as  lightening 
to  the  soil,  making  it  more  and  more  loamy.  When  practicable,  be  particu- 
larly careful  to  get  a  good  heavy  stand  of  the  cover  crop  plants  close  up  to  the 
trunks  and  all  about  under  the  limbs  of  the  trees. 

If  the  blasted  soil  is  supplied  as  it  should  be  with  vegetable  matter  in  the 
form  of  roots  and  cover  crops  plowed  under  every  year,  there  is  no  reason  why 
the  soil  should  become  compact  again  for  15  or  20  years.  Mere  mechanical 
loosening  of  the  soil,  whether  with  plows  or  explosives,  may  not  keep  it  loose 
nearly  so  long.  Probably  under  average  conditions,  it  will  be  well  to  repeat 
the  blasting  every  6  to  10  years. 

The  kind  of  cover  crop  is  important  only  in  two  respects.  You  must  grow 
clovers,  p>eas,  beans  or  vetch  to  get  nitrogen.  You  must  grow  annual,  or  bi- 
annual plants  instead  of  perennials,  in  order  to  have  dead  and  decaying  roots 
in  the  soil  rather  than  living,  growing  ones.  (Weeds,  rye,  oats,  sorghum,  millet 
and  many  other  plants  are  excellent  sources  of  organic  matter). 

Any  sort  of  plant  will  gather  and  later  liberate  some  locked-up  plant  food. 
On  this  account  plants  can  be  called  "miners"  and  "refiners"  of  slowly  soluble 
plant  foods.  The  fact  that  they  do  this  is  another  reason  why  it  is  important 
to  have  abundant  quantities  of  roots  growing  deep  into  the  soil. 

In  grass  mulched  orchards  it  is  well  to  plow  up  the  sod  every  4  or  5  years 
in  order  to  force  the  roots  of  the  trees  down  from  the  surface.  Otherwise,  they 
will  tend  to  gather  just  under  the  grass.  The  plowing  should  be  done  in  the  fall 
following  the  blasting,  or  the  next  summer.  Soil  blasting  is  especially  valuable 
and  beneficial  in  a  grass  mulch  system  of  culture. 
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The  fertiliziiig  of  orchards  under  a  proper  system  of  intensive  deep  tillage 
is  a  very  simple  matter.  If  you  grow  legumes  as  cover  crops,  you  will  get  much 
nitrogen  from  the  air.  Usually,  some  additional  phosphorus,  and  if  available, 
potadi  should  be  sui^lied.  If  the  trees  indicate  a  lack  of  nitrogen,  by  showing 
yellow  leaves  and  by  other  signs  well  known  to  most  orchardists,  use 
a  little  nitrate  of  soda,  cotton  seed  meal,  or  other  heavy  nitrogen  carrier.  Lime, 
of  course,  is  needed,  but  lime  should  not  be  considered  as  a  fertilizer.  It  is 
largely  a  corrective  of  sourness  and  a  mellowing  agent. 

Planting  Trees  in  Blasted  Beds 

Shovel  out  about  a  bushel  of  dirt  at  the  point  where  the  tree  is  to  stand. 
Then  with  the  shovel  probe  and  pry  down  in  the  bottom  of  the  hole  to  see  if 
there  is  any  cavity  or  pot  hole  left  by  the  blast.  If  there  is  a  cavity,  pack  it 
full.  If  the  shovel  goes  in  too  easily,  work  it  about  to  compact  the  ground. 
Better  get  in  the  hole  with  your  feet  and  tramp  the  ground  a  little.  If  you  do 
not  settle  the  loosened  ground  in  this  way,  the  tree  will  settle  considerably 
after  planting.  In  case  your  trees  do  settle,  it  is  not  the  fault  of  the  blaisting, 
but  of  careless  planting.  The  bottom  of  the  hole  should  be  6  inches  lower  than 
is  proper  for  the  roots. 

Stand  the  tree  in  place  6  inches  too  deep  and  sprinkle  in  some  fine,  mellow 
soil  Work  this  among  the  roots.  You  have  three  means  of  doing  it — ^tamping 
among  the  roots  with  a  stick,  working  the  soil  in  with  your  fingers,  and  shaking 
the  tree  up  and  down.  The  latter  is  one  of  the  best  means,  and  should  never 
be  neglected.  In  the  process  of  alternate  lifting  and  pushing  down,  gradually 
raise  the  tree  the  6  inches  and  settle  it  firmly  on  a  well  packed  layer  of  earth 
at  the  proper  depth,  which  is  determined  by  the  dark  line  about  the  trunk, 
an  inch  below  the  surface  of  the  ground. 

As  the  dirt  fills  up  about  the  roots,  pack  it  very  hard.  Get  in  with  your 
feet  and  tramp  it  till  you  think  the  roots  will  not  have  breathing  space.  You 
cannot  well  get  it  too  tight.  Sometimes  a  heavy  wooden  maul  or  a  broad- 
faced  iron  sledge  is  handy  for  packing  the  ground  about  the  roots. 

The  top  3  inches  of  ground  should  not  be  packed.  In  fact,  it  is  well  to 
go  over  the  planting  four  days  to  a  week  after  it  is  done,  with  a  garden  rake, 
and  loosen  any  crust  that  has  been  formed  on  the  ground  about  the  trees  by 
the  drying  of  rain'  or  dew-soaked  surface  soil.  This  will  prevent  waste  of  soil 
moisture.  At  the  same  time  glance  along  the  rows  to  make  sure  of  the  final 
line-up  of  the  trees. 

When  the  blasting  is  done  in  the  summer  or  fall,  and  the  trees  are  to  be 
planted  the  following  spring,  some  lime  may  be  sprinkled  over  the  ground 
with  good  effect.  It  is  even  better  to  shovel  out  the  loose  earth  and  sprinkle 
some  lime  in  the  bottom  of  the  holes.  The  lime  will  help  to  make  the  soil  more 
mellow. 

Orchard  trees  should  be  pruned  soon  after  planting.  If  they  are  left  with 
high,  heavy  tops  the  wind  will  work  the  roots  loose  in  their  new  beds  before 
they  have  had  a  chance  to  take  hold.  By  cutting  back  the  limbs  properly  the 
wind  is  given  less  chance  at  the  trunks. 


Steel  bar  for  making 
holes. 


SoQ  auger — ^note 
long  point. 
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Preparing  Charges  of  Explosives  for  Firing 

A  charge  of  e3q>lo8ives  for  the  purposes  of  these  directions  is  considered  to 
be  all  the  e3q>io8ives  needed  for  a  single  hole  with  cap  and  fuse  or  electric 

blasting  cap  properly  inserted  in  the  cartridge  of  dyna- 
mite (see  pages  143  to  150)  and  tami^ed  in  the 
What  a  Charge  is  hole,  ready  to  fire.  The  preparation  of  charges  is  practi- 
cally the  same  for  all  sorts  of  farm  blasting.  The  slight 
variations  advisable  to  suit  different  kinds  of  work  are  not 
enough  to  call  for  separate  treatment,  since  the  principles  are  all  the  same. 

All  who  use  and  buy  explosives  should  read  the  next  chapter,  beginning 
on  page  152,  on  the  nature  and  actions  of  explosives.  It  is  only  the  man  who 
understands  all  the  facts  mentioned  there  who  will  be  able  to  load  and  blast 
with  greatest  ease,  speed  and  results. 

Scope  of  This  Chapter 

It  is  important  for  everyone  who  blasts  to  understand  why  he  does  things, 
as  well  as  how  to  do  them.  For  that  reason  the  following  discussion  of  the 
preparation  of  charges  is  made  full  and  complete,  with  due  attention  to  all  the 
important  factors  involved.  Details  of  any  particular  part  of  the  operation 
can  be  found  quickly  by  referring  to  the  heading  desired,  as  given  in  the  index. 

Readers  who  may  not  desire  a  full  discussion  are  referred  to  the  following 
brief  outline  of  the  process. 

Be  careful  that  explosives,  cap  and  fuse  are  in  perfect  condition.  Cut  a 
length  of  fuse  sufficient  for  the  hole  to  be  loaded,  making  the  cut  clean,  with- 
out dragging  ends,  at  right  angles. 

Pick  a  cap  from  the  little  tin  cap  box,  carefully,  with  your  fingers,  and 
slide  it  gently  on  the  end  of  the  fuse.  With  a  proper  cap  crimper  fasten  the 
cap  securely  to  the  fuse,  making  the  crimp  close  to  the  open  end  of  cap.  Avoid 
twisting  or  punching  the  end  of  fuse  against  the  bottom  of  cap  as  well  as  draw- 
ing it  away  from  the  bottom.  For  wet  work  waterproof  the  joint  of  cap  and 
fuse  with  tallow,  soap  or  other  material.    Do  not  use  thin  grease  or  oil. 

Next  punch  a  hole  at  a  long  slant  in  the  side  of  the  dynamite  cartridge  to 
be  primed.  Better  use  a  wooden  punch  for  the  purpose.  Tlie  handle  of  the 
cap  crimper  may  be  used. 

Insert  the  cap  in  the  hole  made  as  described,  tie  the  fuse  in  place,  and,  for 
wet  work,  waterproof  all  openings  in  the  cartridge.  You  then  are  ready  to  load. 

Provide  space  enough  in  the  hole  at  the  proper  point  to  hold  the  required 
amount  of  explosives  in  a  bulk  that  is  not  too  long.  Be  sure  before  you  start  to 
press  in  the  cartridges  to  the  bottom  of  the  hole  (see  pages  1 35,  1 48)  that  there  is 
enough  clearance  to  permit  their  easy  and  certain  entrance.  Tamp  fully  and 
firmly  up  to  the  top  of  the  hole. 

The  charge  is  now  ready  to  fire,  which  may  be  done  by  pressing  the  burn- 
ing or  flaring  head  of  a  freshly  scratched  match  against  the  powder  in  the  split 
end  of  the  fuse. 

Carrying  Explosives  and  Supplies 

The  place  to  keep  the  explosives  is  in  the  magazine  or  storage  place,  and 
not  with  you  in  the  field    Carry  with  you  in  warm  weather  only  enough  for  the 

job  or  the  day,  or  in  cold  weather  only  as  much  as  can  be 
TV.  .    ^  kept  warm  and  in  condition  for  firing  until  you  are  through 

S^E    £?ea      loading.    Keep  explosives  separate  from  caps. 

in  a  badcet.    Put  a  piece  of  blanket  in  the  bottom*  to  keep 
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out  danqmeu  vAtea  the  t>uket  is  on  the  ground.  Some  bluten  use  an 
ezplorives  box  for  the  purpose,  putting  a  wood  handle  or  double  wire  bale  on 
it.  The  tight  wood  box  probably  is  a  little  better  than  the  basket  because  it 
affords  somewhat  more  complete  protection  to  the  contents. 

Whatever  the  method  of  carrying  the  explosives,  it  should  be  well  pro- 
tected. This  consists  in  keeping  the  hot  sun  off  it,  keeping  rain  and  fog  off 
it,  keeping  it  away  from  dampness  <^  the  ground,  and  keeping  it  safe  trtaa 
meddlesome  people  and  animals. 

Many  blasters  prepare  charges  before  going  to  the  field,  but  it  is  better 
practice  to  carry  along  the  tools  and  materials,  and  to  put  them  together  or 
make  the  primers  on  the  spot  after  all  the  holes  are  made  in  the  ground  or 
rock,  and  when  everything  is  ready  for  the  firing  except  to  put  the  explosive  in 
place. 

These  remarks  are  given  as  reminders.  Full  discussion  of  proper  handling 
and  storing  <^  explosives  can  be  found  on  pages  167  to  169  respectively. 


Toob  and  MateriaU  Rafuired 

The  first  step  in  preparation  6i  charges  is  to  assemble  the  followinc:  as 
many  cartridges  of  explosive  as  will  be 
required;  a  sufficient  number  of  blast- 
ing caps:  a  sufficient  quantity  of  fuse; 
tomestring;  a  wood  punch  with  an  end 
the  size  of  a  cap  for  about  3  inches;  a 
pair  of  cap  crimpers;  a  pocketknife. 
If  the  holes  are  very  damp  or  full  of 
water  you  also  will  need  some  tallow 
or  other  waterproofing  material. 

PuUing  Caps  and  Fuse  Togdher  (Malting 
Primers) 

a  itaAj  box  lor  canTliil  nviiIlM  ta  5*M. 

Fuse  is  described  as  to  sizes  and 
properties  on  page  1 66  and  caps  on  pages  1 65  to  1 66.  Readers  who  are  not  famil- 
iar with  them  should  turn  to  those  pages  at  this  point.     Unroll  the  fuse  and  cut 
c^  a  length  that  will  be  enough,  since  fuse  bums  about  2  feet  in  a  minute  (there 
are  variations — see  page  167). 

Three  feet  will  ^ve  you  IH  nunutes  or  a  sufficient  time  to  get  beyond 

dangs  uaaa  ordmary  conditions.    The  fuse,  <rf  course,  must 

be  long  enough  to  reach  out  c^  the  mouth  of  the  hole  when  the 

The  Fuse      charge  is  in  place.    Measure  the  depth  of  the  hole  before  you 

cut  the  fuse. 

Warm  cold  fuse  bdore  attempting  to  bend  it.  It  may  be 
taken  into  any  warm  room  for  the  purpose  but  should  be  subjected  to  no  heat 
greater  than  1 10  degrees.  If  for  any  reason  you  have  doubts  about  the  con- 
dition of  your  fuse,  cut  off  a  foot  or  more  and  try  it  without  any  cap  or  explo- 
sive.   If  it  will  bum  properly  it  is  all  right. 

Be  sure  to  get  fresh  ends  both  for  the  match  and  to  put  into  the  cap.  If 
fuse  has  been  cut  for  some  time  into  lengths,  it  is  well  to  cut  off  short  piecet 
from  the  old  end*  in  order  to  bring  fresh  powder  right  to  the  t^is. 


Cut  the  fu»e  off  squarely  Bcrou  as  shown  in  the  diagram. 
The  end  of  the  fuse  where  cut  off  should  be  clean  and  free  from  dragging 
ends  and  threads.     If  it  is  not  cut  off  clean,  part  of  the 
covering  may  double  over  the  end  of  the  fuse  in  the  cap 
Cutting  the  Fuse      and  keep  the  spark  away  from  the  explosive,  causing  a 
misfire.    Be  careful  to  keep  both  ends  of  fuse  off  damp 
ground  and  out  of  puddles  of  water. 
If  the  fuse  has  been  mashed,  or  is  too  thick  to  go  into  the  cap  easily,  do 
not  peel  off  any  of  the  covering.    Reduce  the  diameter  by  squeezing  it  with 
the  cap  crimpers  or  by  rolling  it  on  a  smooth  surface  under  a  knife  blade  or 
other  smooth  implement.    Sometimes  you  can  reduce  it  by  rolling  it  between 
the  thumb  and  hnger. 

The  very  best  way  to  cut  fuse  is  with  a  combined  fuse  cutter  and  cap 
crimper  or  on  a  block  of  wood  with  a  sharp  knife.  The  blade  con  he  pressed  right 
through  the  fuse  and  will  make  a  clean  cut.  Be  careful  to  avoid  twisting,  pinch- 
ing or  otherwise  knocking  the  freshly  cut  end  of  the  fuse  about,  for  you  may 
shake  out  the  powder  back  far  enough  to  cause  a  misfire.  The  powder  should 
come  out  flush  with  end. 

To  get  one  cap  out  of  the  tin  box  in  which  they  came,  tilt  the  box  up  on 
edge  till  some  of  the  caps  slide  forward,  and  then  pick  the  cap  up  with  your 
fingers.  Don't  attempt,  on  penalty  of  losing  a  hand,  to  take  a  cap  out  of  a 
box  by  running  a  nail  or  a  little  stick  or  the  fuse  into  it  in  the  box.  Be  care- 
ful you  do  not  drop  a  cap  to  the  ground  or  floor. 

Turn  the  cap  upside  down,  to  make  sure  there  is  no  dirt  in 
it,  and  gently  slide  it  on  the  fuse  till  the  end  <J  the  fuse  just 
The  Cap      touches  the  bottom  of  the  cap.    Do  not  ram.  press  or  twist  the 
end  against  the  bottom. 

Hold  the  fuse  with  capped  end  up,  to  keep  the  cap  from 
sliding  off,  and  crimp  the  cap  fast.    This  you  do  with  the  special  plier  like 
tool  called   a   cap  crimper.    The 
"crimp"  is  made  by  pinching  the 
open  end  of  the  cap 
tight  to  the  fuse.    It 
Crimping    should  be  made  with- 
in   the    last    quarter 
inch  of  the  open  end 
c^  the  cap.     Never  make  it  toward 
the  closed  end  because  you  might 
disturb  the  explosive  material  in 
■Crimp-'  or  f..t«i  c.pc  .o  fuw  *i.h  .  tegnUr     t*"^  bottom  of  the  Cap  and  cause  it 

er imping  tool.     Thi>  tool  does  Ihe  job  Imi  better  lh»n        tO  explode. 

can  e  one  in  my  o   «w«y.  q^^  crimpers  are  sut^lied  by 

all  makers  of  explosives.  Order  one  or  more  when  you  buy  your  explosive.  It 
is  well  to  have  an  extra  one  about  to  use  in  case  you  lose  one  on  extensive  jobs. 
This  fastening  of  the  fuse  to  the  cap  is  one  of  the  points  in  blasting  where 
a  great  deal  of  abuse  occurs.  Blasters  think  they  can  take  a  chance  with  danger 
or  with  misfires,  and  attempt  to  crimp  the  caps  some  other  way.  Except  in 
extreme  emergency  don't  try  to  crimp  a  cap  with  anything  except  a  regular 
crimping  tool;  but  there  are  times  when  one  may  not  have  a  crimper  nor  be 
in  a  position  to  wait  till  one  can  be  purchased.  There  is  a  way  out  of  this 
difficulty ^which  is  to  secure  a  makeshift  crimp,  with  something  else  than  a 
crimper.  It  is  possible  to  use  a  pair  of  pliers,  or  a  small  pair  of  pincers,  and  ac- 
complish something  that  may  hold  the  cap  on  the  fuse.  T^e  best  makeshift 
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crimp  ii  to  take  a  fold  of  the  cap  up  at  one  side  of  the  mouth  with  a  pair  of  close 
fitting,  square-nosed  pliers.  Be  careful  while  doing  this  that  you  do  not  grind 
the  end  of  fuse  against  the  bottom  of  cap,  or  pull  the  end  back  from  the  bot- 
tom. If  the  fuse  should'pull  away  frnm  the  bottom  of  cap  a  quarter  inch,,  a 
misfire  likely  would  result. 


VMaproofad  (MUmrcd]  cultidtw 


When  the  charge  is  to  be  placed  in  a  dry  hole,  waterproofing  is  not  needed, 
but  in  a  wet  hole  the  connections  between  fuse  and  cap 
must  be  made  water-tight  with  tallow  or  soap.  Do  not  use 
Waterproofing  grease,  because  it  may  unite  with  the  tar  in  the  compo- 
sition of  the  fuse  cover  and  soften  it,  when  the  powder  train 
will  be  ruined.    Water  in  the  cap  will  surely  make  it  worthless. 


Inxrling  Caps  in  Explosive 

The  best  location  for  a  cap  in  a  cartridge  of  explosive  for  farm  blasting  is 
in  a  hole  in  the  side,  about  an  inch  and  a  half  from  one  end.  The  best  position 
for  the  cap  at  this  point  is  at  a  slant  that  takes  it  in  from  the  side  toward  the 
center,  hut  as  near  longways,  or  parallel  with  the  sides  of  the  cartridge,  as 
possible. 

I4& 
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In  other  words,  when  making  the  hole  for  the  cap  in  the 
Position  of  explosive,  make  it  with  as  long  a  slant  down  toward  the 

Cap  in  Cartridge      other  end  of  the  cartridge  as  possible.    There  are  reasons 

for  this  connected  with  superior  or  inferior  detonation. 

Another  method  of  priming  much  used  is  to  insert  the  cap  in  a  hole  made 
in  the  end  of  the  cartridge  of  explosive,  and  then  to  tie  the  paper  about  the  fuse 
or  wires.  This  is  good  so  long  as  it  is  not  damaged,  but  care  must  be  exercised 
not  to  have  the  tamping  stick  interfere  with  fuse  or  cap.  With  side  priming 
there  is  a  cushion  of  the  soft  explosive  between  the  end  of  the  cartridge  and  cap. 
End  priming  always  is  good  provided  sujficient  care  is  taken  in  loading  to 
prevent  disturbing  or  displacing  the  fuse  or  cap  with  tamping  rod. 

When  all  the  explosive  is  removed  from  its  wrapper,  the  cap  must  be  inserted 
in  the  loose  explosive.  This  should  be  done  by  making  a  hole,  as  in  a  cartridge. 
But  it  seldom  pays  to  take  all  the  explosive  out  of  its  wrapper.  Nearly  always 
you  can  leave  a  half  cartridge  of  explosive  intact  for  the  cap. 


A  good  crimp. 


Making  Hole 
in  Explosive 


To  make  the  hole  for  the  cap  use  the  handle  of  the  cap  crimper  or  a  wooden 
punch  just  a  little  larger  than  the  cap.    The  hole  should  be  large  enough  to 

let  the  cap  in  without  much  pressing,  but  should  leave  no 
air  space  about  the  cap.  The  depth  of  the  hole  also  is  im- 
portant. It  should  be  just  enough  so  that  the  entire  cap 
can  be  buried  in  the  explosive',  but  not  any  deeper.  If  it  is 
deeper,  the  cap  may  be  forced  on  down  to  the  bottom,  which 
will  leave  some  of  the  fuse  in  contact  with  the  explosive 
(which  may  cause  burning  instead  of  exploding  of  powder),  or  the  cap  may 
be  seated  just  inside  the  wrapping,  leaving  an  air  space  at  the  inside  end  or  bot- 
tom of  the  hole,  which  may  lower  the  effectiveness  of  the  explosive. 

When  the  cap  is  seated  in  its  hole  in  the  side  of  the  cartridge,  the  fuse  will 
extend  up  along  the  cartridge  past  the  near  end.    It  must  be  tied  in  this  position, 

so  securely  that  the  fuse  and  the  cap  will  not  be  pulled 
back  in  handling  or  by  rubbing  against  the  side  of  the  hole 
when  the  cartridge  is  pressed  down.  The  best  way  to 
secure  it  is  to  wrap  a  strong  string  several  times  below  the 
point  where  the  cap  is  inserted,  then  give  two  or  three  wraps 
about  the  fuse,  and  pull  tight  and  tie;  or  take  two  loops 
about  the  fuse  and  then  several  wraps  about  the  cartridge. 


Fastening  Fuse 
to  Explosive 


Cutting  cartridge  in  two— roll  it  under  knife  blade. 
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When  the  foregoing  directions  have  been  complied  with  you  have  a  cartridge 
of  explosive  primed  with  a  cap  and  fuse.  It  is  ready  to  put  in  the  bore-hole 
in  the  rock  or  ground. 

Loading  Charges  in  Hoiea 

You  will  need  a  tamping  stick.  This  must  be  of  wood,  and  had  better  be 
about  the  size  of  a  cartridge  of  explosive,  which  usually  will  be  IJ^  inches  in 
diameter,  except  in  case  of  blockhole  blasting  of  boulders,  when  a  smaller 
cartridge  sometimes  is  needed  to  go  in  small  drill  holes.  Never  use  a  metal 
rod  for  tamping.  Make  sure  that  the  hole  is  ready.  It  must  be  big  enough  to 
allow  cartridges  to  slide  down  easily  (except  in  the  case  of  small  holes  dnlled 
in  rock,  when  the  explosive  all  must  be  taken  out  tj  the 
Tamping  Rod  wrapping  and  crumbled  and  pressed  into  the  hole).  Loose 
stones,  sharp  stones  and  roots  that  obstruct  the  hole  should 
be  removed  with  a  bar  or  spoon  scraper.  This  work  must  be  completed  before 
starting  to  load.  If  obstructions  fall  into  the  hole,  after  some  of  the  explosive 
is  in  place,  don't  try  to  remove  it  by  force.  Make  another  hole  at  a  safe  distance 
from  the  first,  put  in  another  charge  and  fire  it. 

Measure  the  hole  with  your  tamping  stick  and  judge  if  there  is  space  for 
the  required  charge  at  the  right  point.    Nearly  always  a  charge  of  explosives 


The  liunfdoc  rod  Bbould  be  of  wood. 

should  be  as  compact  as  posuble.  If  one  or  2  cartridges  arc  all  the  explosive 
required,  it  usually  will  not  hurt  to 
put  them  end  to  end.  But  if  3  or  more 
cartridges  are  required,  to  put  tliem 
end  to  end  makes  the  charge  too  long, 
and  places  the  force  of  the  blast  else- 
where than  where  it  should  be. 

When  your  judgment  tells  you 
that  the  charge  should  be  in  a  more  or 
less  round  bulk,  enlarge  the  hole  at  the 
point  where  the  charge  should  be 
made.  Sometimes  this  can  be  done  by 
scraping  it  out  at  the  bottom  with  a 
toe-bar  or  spoon-bar.  Again,  if  much 
enlarging  is  required,  it  is  well  to  use  a 
small  amount  of  explosive  to  secure  it. 
This  is  catted  springing.  To  do  this 
prime  about  a  quarter  of  a  cartridge  as 
usual,  and  push  it  to  the  bottom  of  the 
hole.  Use  no  tamping.  After  it  is 
fired  wait  till  the  hole  cools,  and  you 
'  will  find  a  cavity  large  enough  for 
your  full  charge. 

It  is  better  to  avoid  springing 
„    ,     ^  ^     J    ^..    .  ,  ,       holes  if  you  can,  on  account  of  the  fact 

Sbtti«U..^^,«r«.|jlnjo.^c««,d,e.oi..       ^^^^  the  cavity  often  is  enlarged  too 

much,  and  the  surrounding  earth  is  loosened  so  much  as  to  injure  confinement. 
(Seepage  l56on  detonation).  A  great  deal  can  be  done  by  scraping  the  small 
auger  hole  out  to  2  or  3  inches  in  diameter  at  the  bottom  and  then  causing  the 


cartridges  to  enlarge  and  fill  the  hole  solidly.  To  accomplish  this  enlargement  of 
cartridges,  slit  their  wrappings  3  or  4  places  lengthwise,  from  end  to  end.  Then 
press  them  home  with  the  tamping  stick.  They  will  expand  smd  shorten.  Four 
to  six  cartridges  in  this  way  can  be  got  into  the  full  length  of  two. 

Still  another  way  is  to  take  the  explosive  entirely  out  of  the  cartridge 
wrappings,  and  with  the  help  of  a  tin  or  paper  tube,  such,  for  instance,*  as 
calendars  are  mailed,  funnel  it  down  to  the  bottom  of  the  hole.  But  neither 
this  method  nor  slitting  the  cartridges  is  wise  in  wet  holes.  It  is  true  that 
nitroglycerin  powders  will  stand  considerable  water,  but  the  safe  rule  in  wet 
blasting  is  to  leave  the  cartridges  intact.  Ammonia  dynamites  will  not  stand 
wetting  inside  the  paper  of  the  cartridges  without  damage.  (Never  under  any 
circumstances  cut,  break,  unwrap  or  punch  holes  in  explosive  that  is  frozen. 
You  invite  an  explosion  in  your  hands  when  you  do.) 

When  there  is  more  than  one  cartridge  in  the  charge,  place  the  primed 
cartridge  on  top  of  the  others — put  it  in  the  hole  last  or  next  to  last — ^when 
using  the  cap-and-fuse  method  of  firing. 

Be  sure  that  all  parts  of  the  charge  are  in  firm  contact.  It  will  not  do  to 
have  air  spaces,  or  dirt,  or  wrinkled  paper  between  the  cartridges.  While  all  the 
powder  likely  would  go  off  under  these  conditions,  it  will  not  do  as  much  work 
as  it  should. 

The  cartridges  of  explosive  may  fit  tightly  in  the  holes.  In  that  case  do  not 
ram  or  pound  them,  but  press  finnly  against  them,  one  at  a  time,  with  the 
tamping  stick.  Press  the  explosive  into  tight  contact  with  the  sides  all  round, 
at  the  bottom  of  the  hole. 

Tamping 

Tamping  is  a  necessity  smd  one  of  the  most  important  parts  of  the  operation. 
The  charge  should  be  tightly  confined.     It  is  only  in  springing 
holes  and  sometimes  in  digging  post  holes  that  no  tamping  is 
Tamping       advisable,  and  in  ditching  that  the  quantity  needed  is  less. 

When  the  explosive  is  in  place  at  the  bottom  of  the  hole, 
start  the  tamping  by  rolling  in  some  loose  ground.  Keep  the 
tamping  stick  working  up  and  down  to  seat  this  ground  against  the  explosive, 
though  make  no  effort  to  get  it  tight  till  there  is  a  few  inches  or  so  over  the 
explosive.  An  exception  to  this  rule  is  in  the  case  of  blockhole  blasting  of  boul- 
ders and  ledges,  when  damp  clay  tamping  should  be  packed  solid  all  the  way 
down  to  the  explosives. 

If  the  tamping  is  less  than  this,  the  best  results  will  not  be  secured*  hence 
deep  holes  often  are  necessary  for  the  sake  of  confinement  of  charge  as  well  as 
to  contain  the  amount  of  powder  used. 

Hold  the  fuse  to  one  side  with  one  hand  while  the  tamping  stick  is  worked 
with  the  other  hand.  Rake  the  dirt  to  the  mouth  of  the  hole  and  be  careful  to 
get  in  the  hole  only  earth — not  clods,  sticks,  grass,  etc.  Be  very  careful  not 
to  damage  the  cover  of  the  fuse  with  the  tamping  stick. 

Fill  the  hole  to  the  top  with  tamping,  and  make  it  tight.  The  best  material 
for  tamping  is  moist  clay.  Tamping  material  always  is  better  when  made  wei 
enough  to  ball.    Use  the  heaviest  earth  within  reach,  and  if  it  is  dry,  moisten  it. 

Firing 

The  free  end  of  the  fuse  will  stick  out  of  the  hole  filled  with  tamping, 
say  about  4  inches.    Your  remaining  work  is  to  set  fire  to  the  powder  in  the 
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fuse,  till  it  begins  to  spit  continuously.  Split  the  end  of  fuse  with  your  pocket 
knife  to  make  it  light  easily.  Put  the  flaring  head  of  a  freshly  scratched  match 
against  the  powder  exposed  by  the  cut.    (See  page  159.) 

Preparing  Charges  for  Eledric  Firing  (Malting  Primers) 

Up  to  this  point  in  the  directions  for  preparing  charges  the  text  has  spoken 
only  of  caps  and  fuse.  When  the  firing  is  to  be  done  with  an  electric  blasting 
machine  instead  of  fuse»  you  must  use  electric  blasting  caps. 

These  come  from  the  makers  with  the  wires  already  fastened  in  them. 
(See  pages  1 63  and  1 66.)  They  are  ready  to  be  inserted  in  the  cartridge  of  explo- 
sive without  any  preparation  such  as  ordinary  caps  and  fuse  require. 

Make  a  slanting  hole  in  the  cartridge  of  explosive  just  as  is  described  on 
pages  143  to  147.  Into  this  insert  the  electric  blasting  cap,  letting  its  wires 
project  just  as  the  fuse  does  when  fuse  is  used.  Then  tie  the  wires  to  the  car- 
tridge with  a  string  as  fuse  is  tied,  to  prevent  the  cap  from  being  pulled  partly 
or  entirely  out  of  the  hole. 


Bad  method  of  fastening  wireSt  Bad  position  of  cap  in  cartridge,  and  of  cap  wires. 

It  is  better  to  tie  them. 

It  is  a  little  difficult  to  tie  the  wires  tight  enough  with  a  string  to  prevent 
slipping.  Another  way  to  fasten  them  securely  is  to  punch  a  hole  from  the 
center  of  the  end  of  the  cartridge  in  a  slanting  direction  so  that  it  will  come  out 
at  the  side  two  or  three  inches  from  the  end.  Bend  back  the  electric  blasting 
cap  wires  about  eight  inches  from  the  cap  and  insert  the  loops  of  the  doubled- 
over  wires  in  the  hole  in  the  end  of  the  cartridge*  pushing  it  out  through  the  side. 
Open  out  the  loop  in  the  wires  and  pass  the  loop  over  the  other  end  of  the 
cartridge.  Punch  another  hole  in  the  end  of  the  cartridge  a  trifle  to  one  side 
of  the  first  hole  smd  straight  down  toward  the  center  of  the  cartridge.  Insert 
the  electric  blasting  cap  in  this  hole  and  then  take  up  all  slack  in  the  wires. 
The  result  will  be  a  primed  cartridge  where  the  wires  do  not  cross  each  other 
at  any  point  and  the  electric  blasting  cap  is  lying  parallel  with  the  center  line 
of  the  cartridge.  A  cartridge  so  primed  hangs  vertically  so  that  it  is  possible  to 
lead  it  in  a  vertical  bore  hole  without  its  lodging  against  the  sides.  See  page  1 46. 

In  fixing  wires  of  electric  blasting  caps  to  cartridges,  avoid  crossing  them 
and  avoid  bending  them  sharply  or  in  any  msmner  that  will  break  their  insulation. 
If  the  insulation  is  broken  it  likely  will  cause  a  short  circuit,  which  will  result 
in  a  misfire.  Never  take  a  half  hitch  about  the  cartridge  with  the  wires.  Do  not  pull 
at  the  wires  and  the  cap,  because  to  do  so  may  break  the  fine  bridge  wire  that 
causes  the  cap  to  explode  when  the  current  goes  through. 

Load  these  primed  cartridges  the  same  as  is  directed  for  fuse  primed  charges. 
Be  careful  to  avoid  rupturing  the  insulation  on  the  wires  with  small  stones  in 
the  hole  or  with  the  tamping  rod. 
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The  finishing  of  the  tanking  leaves  two  wires  projecting  from  each  hole. 
They  must  be  connected  with  the  blasting  machine  or  other  source  of  current 
with  connecting  wire  and  leading  wire,  in  the  manner  described  fully  on  pages 
161  to  164.    Further  discussion  is  not  needed  at  this  point. 

Some  General  Suggestions 

In  priming  cartridges  of  explosive  with  fuse  and  blasting  cap,  you  must  be 
careful  to  avoid  permitting  the  fuse  to  touch  the  explosive.  High  explosives 
will  bum  like  gasoline  or  coal-oil.  They  are  very  easily  set  on  fire  by  sparks 
spitting  from  fuse.  When  they  are  burning  the  explosion  will  be  very  much 
weaker  than  it  otherwise  would  be,  and  will  give  off  noxious  gases. 

A  very  frequent  cause  ci  misfires  is  the  bending,  kinking  and  crooking  of 
fuse.  This  is  especially  frequent  when  the  cap  is  inserted  in  the  center  of  the 
end  of  the  cartridge  of  explosive  and  then  carelessly  forced  over  against  the  side  of 
the  hole  by  the  tamping  stick  and  tamping  material.  Keep  the  fuse  straight, 
and  never  under  any  circumstances  lace  it  through  the  cartridge  of  explosive. 
That  is  a  sure  cause  of  trouble. 

If  it  becomes  necessary  to  remove  a  cap  from  a  primed  cartridge  of  explosive, 
do  it  gently  and  carefully,  and  unless  the  cap  and  fuse  are  immediately  to  be 
inserted  in  another  cartridge,  destroy  them  both  by  lifting  a  shovelful  of  earth 
and  putting  the  cap  under  the  ground  in  the  hole,  after  which  light  the  fuse 
and  go  away. 

It  is  better  not  to  lift  or  carry  the  primed  cartridge  of  explosive  by  the  fuse 
or  wires  when  it  can  be  helped.  When  a  practice  of  carrying  primed  cartridges 
by  the  fuse  is  made,  misfires  and  poor  explosions  will  be  caused,  not  every 
time,  but  often  enough  to  make  it  wiser  not  to  do  so.  The  cap  often  is  pulled 
back  in  spite  of  the  tie  string. 

Where  explosives  that  are  subject  to  water  damage  are  used  in  work  that 
is  wet,  matters  can  be  helped  by  making  the  cartridges  waterproof  with  tallow, 
paraffine  or  other  suitable  material.  It  is  practicable  to  stop  all  the  seams  on 
the  cartridges,  load  and  fire  without  delay,  even  with  explosives  that  would  be 
put  out  of  business  if  the  water  got  at  the  actual  material  instead  of  only  at 
the  wrappings  of  the  cartridges.  Pay  particular  attention  to  waxing  or  tallowing 
the  place  where  the  cap  and  wires  enter  the  cartridge. 

When  doing  wet  blasting,  use  every  care  to  keep  the  outer  end  of  the  fuse 
from  dropping  into  the  water  or  from  resting  on  damp  ground.  The  inner 
wrappings  of  fuse  and  the  powder  train  itself  take  up  water  like  a  blotter.  On 
a  very  foggy  day  it  is  well  to  keep  fuse  in  a  closed  box.  Mist  and  rain,  of 
course,  will  damage  it. 
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Explosives  and  Blasting  Supplies 

The  catalogs  of  manufacturers  are  not  intended  to  give  all  the  fundamental 
facts  about  and  the  differences  between  the  various  explosives.  To  do  so 
would  take  too  much  space.  Thev  give  the  trade  names  and  the  measure- 
ments smd  weights  of  cartridges  and  boxes,  demanded  by  purchasers,  and  are  pre- 
pared on  the  supposition  that  blasters  and  buyers  of  explosives  know  what 
they  need.  This  bulletin  includes  explanations  of  the  names  under  which 
blasting  explosives  are  made  smd  marketed,  outlines  their  properties,  and  makes 
clear  the  work  smd  conditions  for  which  each  grade  is  intended  and  suited. 

Explosives 

There  are  scores  of  different  kinds  of  explosives  made  and  used  for  blast- 
ing purposes,  and  many  dozens  of  different  names  used  for  them.    The  most 
familiar  name  of  any  explosive  in  America  is  dynamite.    Other 
names  are  farm  dynamite,  quarry  powder,  contractor's  powder. 
Names       coal  powder,  stumping  powder,  Judson  powder,  gelatin,  blasting 
gelatin,  R.  R.  P.,  giant  powder,  blasting  powder  and  dozens  of 
others. 
Nearly  every  one  of  the  explosives  designated  by  these  names  is  made 
in  several  strengths,  and  in  qualities  to  suit  varying  conditions.    For  this  rea- 
son figures  and  other  marks  are  attached  to  the  names  to  distinguish  the  grades. 
In  addition  to  this  some  of  the  names  are  used  to  designate  not  only  one  cer- 
tain explosive  but  several  widely  different  ones.    This  is  particularly  true  of 
the  names  dynamite  and  powder.    The  selection  of  names  in  the  preceding 
paragraph  is  made  for  illustrative  purposes,  and  is  not  to  be  taken  in  any  sense 
as  a  reconmiendation  of  those  explosives  for  any  purpose.    The  recommen- 
dations are  given  in  detail  on  other  pages. 

All  blasting  explosives  are  not  made  from  the  same  ingfedients,  and  they 
differ  a  great  deal  in  many  other  ways  than  in  quality,  as  quality  is  generally 
understood.    You  can  buy  commeal  that  is  good,  bad  or  indifferent,  but  when 

you  buy  explosives  you  will  find  there  are  few  which  can  be 

classed  as  of  poor  quality.    Nearly  every  standard  kind  and 

Differences     grade  is  of  excellent  quality  for  some  particular  purpose  and 

condition.  And  practically  every  one  can  be  classed  as  of  poor 
quality  for  conditions  and  purposes  to  which  it  is  not  suited. 
Nor  is  the  difference  one  of  size  of  cartridge  or  grain,  as  the  case  may  be, 
though  this  is  one  element.  The  main  differences  are  ones  of  strength,  quickness 
or  speed  of  gases,  sensitiveness,  resistance  to  cold  and  to  water,  density,  fumes 
and  cost.  Some  explosives  are  suitable  for  wet  work,  and  others  only  for  dry 
work;  some  are  adapted  to  blasting  hard,  tough  rock,  others  to  blasting  ground 
only;  some  freeze  when  chilled  a  little;  others  can  be  exposed  freely  without 
freezing.  And  it  should  be  noted  that  many  of  the  better  explosives  of  to-day 
have  been  developed  during  recent  years  and  are  comparatively  new.  The  ex- 
plosive to  buy  for  any  particular  work  is  the  best  one  on  the  market  for  all 
the  conditions  involved. 

Black  blasting  powder  has  been  known  and  used  for  several  hundred 
years,  and  it  is  practically  the  same  to-day  as  it  has  been  for  a  long  time.    It 

is  composed  of  saltpeter  or  nitrate  of  soda,  sulphur  and  char- 
coal.   It  does  not  vary  in  strength,  and  varies  little  in  other 
Explosive         properties. 

Ingredients  The  dynamites  and  high  explosive  powders  have  little  or 

no  relation  to  black  blasting  powder.    They  depend  for  their 
explosive  force  on  other  explosive  chemicals  the  best  known  of 
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which  are  nitroglycerin  and  ammonium  nitrate.    It  is  not  necessary  in  this 
brief  description  to  name  additional  explosive  elements. 

The  first  dynamite  was  made  in  Europe  by  mixing  nitroglycerin  with  a 
light  spongy  earth,  and  packing  the  mixture  in  paper  tubes  as  cartridges  of  dyna- 
mite and  powder  are  packed  to-day.  Nitroglycerin  itself  is  a  wonderfully 
efficient  explosive  when  it  can  be  controlled,  but  it  is  so  sensitive  to  shock  that  it 
must  be  mixed  with  absorbents  and  treated  to  make  it  safe  enough  to  handle. 

As  other  explosive  chemicals  become  better  understood,  it  has  been  found 
of  advantage  to  substitute  materials  that  are  explosive  for  the  light  earth  used 
to  absorb  the  nitroglycerin.  And  more  than  that,  the  nitroglycerin  itself  has 
been  displaced  to  varying  degrees  in  some  of  the  dynamites  by  ammonium 
nitrate  and  other  materials.  Few  blasting  explosives  contain  no  nitroglycerin 
at  all,  but  many  contain  only  4  or  5  per  cent,  of  it.  Each  of  these  combina- 
tions of  materials,  or  formula,  has  its  own  peculiarities  in  addition  to  variation  in 
strength,  all  of  which  information  it  is  well  for  a  buyer  and  blaster  to 
understand. 

The  explosives  marketed  as  "straight  dynamites"  are  made  from  nitro- 
glycerin. Those  made  from  sm  ammonium  nitrate  base  are  called  by  many 
manufacturers  "extra*'  dynamites.  Gelatin  dynamites  and  blasting  gelatin 
are  nitroglycerin  explosives  in  which  the  nitroglycerin  has  been  combined  with 
gun  cotton.  The  various  special  mine,  quarry,  stimiping,  farm  and  other 
miscellaneous  dynamites  and  high  explosives  on  the  market  are  not  so  named 
that  their  ingredients  can  be  determined  without  a  statement  from  their 
makers. 

The  power  of  an  explosive  and  its  violence  are  two  different  qualities. 
The  power,  or  direct  strength,  is  due  to  the  volume  of  the  gases.    If  a  pound 

of  a  certain  explosive  gives,  for  instance,  1,000  cubic  feet 

of  gas  when  completely  detonated  or  fired,  while  a  pound 

Strengdi  and         of  another  explosive  gives  500  cubic  feet  and  a  pound  of  a 

Quickness  third  gives  2,000,  the  lifting  power  of  each  explosive  will 

be  in  direct  proportion  to  its  gas  volume. 

But  the  violence  of  the  gases  depend,  not  on  their 
volume,  but  on  their  speed.  If  they  are  comparatively  slow  in  forming  and  in 
forcing  their  way  out  of  their  confinement  they  will  break  out  large  cracks 
and  escape  through  them,  pushing  the  material  aside.  If  they  are  very  fast 
or  quick,  they  will  grind  and  pulverize  everything  they  come  in  contact  with,  and 
throw  out  the  whole  side  of  the  confining  material,  but  will  not  crack  it  so  far. 

The  matter  can  be  made  clear  by  comparing  a  push  with  a  blow  of  a  hammer. 
Both  may  have  equal  power,  but  the  effects  on  a  block  of  wood,  for  instance, 
at  the  point  where  they  are  applied  are  very  different.  The  push  will  move 
the  object  almost  without  marking  it.  The  blow  may  move  it,  but  it  is  sure 
to  leave  a  mark  of  greater  or  less  depth,  depending  on  the  nature  of  the  ham- 
mer and  its  speed.  A  still  better  comparison,  perhaps,  is  that  between  the  blow 
of  a  sledge  and  of  light  hammer.  It  is  possible  to  hit  a  blow  of  as  much  power 
or  weight  with  one  as  with  the  other,  but  the  material  at  the  point  where  the 
blow  lands  with  the  light  hammer  will  be  badly  dented,  or  maybe  broken. 
The  reason  is  that  the  fight  hammer  moves  with  much  greater  speed. 

In  quarries  blasters  make  use  of  these  facts  in  order  to  get  the  rock  broken 
out  in  pieces  of  the  size  preferred.  Whf n  they  want  large  pieces  they  use  an 
explosive  with  sufficient  power  to  break  the  rock,  but,  comparatively  speaking 
with  a  slow  speed  of  gases;  when  they  want  small  pieces  and  much  shattering, 
they  use  an  explosive  o(  the  same  or  greater  power  but  with  swift  and  violent 
gu  action. 
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For  each  result  and  for  each  material  a  certain  power  is  required  and  a 
certain  quickness  of  the  gases  is  best  By  way  of  illustration,  take  soil  blasting  fcN* 
tillage  purposes.  There  is  no  object  in  violently  grinding  the  earth  at  one  spot 
while  surrounding  earth  that  might  be  reached  is  left  untouched.  A  proper 
eaq;>losive  for  this  purpose  is  one  that  will  have  enough  pulverizing  action, 
that  will  lift  and  shake  up  the  soil,  and  that  extends  its  effects  for  long  (tistances. 
For  an  example  of  the  other  extreme,  take  mud-capping  rocks.  For  this  work 
the  explosive  cannot  be  too  violent  in  action.  The  gases,  backed  up  by  the 
rapidly  yielding  wall  of  air  behind  them,  must  strike  the  rock  a  cruslung  blow 
in  the  minimum  of  time. 

Nitroglycerin  and  ammonia  dynamites,  for  all  practical  purposes,  are  of 
equal  strengths  when  of  equal  markings.  The  strength  is  indicated  accurately 
by  percentage  figures. 

Nitroglycerin  explosives  are  uniformly  quicker  smd  more  violent  in  action 
than  ammonium  nitrate  explosives,  and  the  more  nitroglycerin  there  is  in  the 
explosive  the  quicker  it  is.  The  ammonia  explosives  are  not  as  quick,  in  any 
strength,  as  the  corresponding  nitroglycerin  explosives.  Therefore  a  50% 
nitroglycerin  dynamite  is  more  violent  tiian  a  50%  ammonia  dynamite,  and  a 
20%  ammonia  dynamite  is  much  less  violent  than  a  50%  grade. 

When  the  object  is  to  shatter  and  reduce  to  iine  fragments  the  material  to 
be  blasted,  the  proper  explosive  is  a  quick  one,  while  when  the  object  is  to 
lift  and  shake  up  the  material  the  best  explosive  is  a  slow  one.  (See  table  on 
page  156,  also  detailed  recommendations  on  pages  136,  152  and  156.)  But 
there  are  other  factors  that  must  be  considered. 

Nitroglycerin  explosives  resist  water  better  than  ammonia  explosives,  but 
if  the  cartridge  wrappings  are  not  broken  or  opened,  ammonia  dynamite  or 
powder  can  be  loaded  in  wet  holes  with  entire  satisfaction.  The  firing  should 
not  be  delayed  smy  longer  after  loading  than  necessary,  and  it  is  wise  to  plan 
the  work  so  that  it  may  be  done  at  the  longest  within  a  half  hour  after  loading. 
Storage  in  a  damp  place  will  weaken  explosives,  especially  ammonia  explosives. 

Gelatin  explosives  resist  water  very  well,  and  may  be  loaded  in  wet  holes, 
or  under  water,  with  assurance  that  they  will  explode  with  their  full  power. 
Blasting  gelatin  is  entirely  water-resisting. 

Explosives  will  freeze,  and  when  in  this  condition  are  dangerous,  and  can- 
not be  fired  properly,  if  at  all,  with  a  cap  of  any  kind.  They  must  be  thawed 
and  they  must  be  handled  very  carefully  if  they  are  to  be  used.  On  no  account 
attempt  to  cut  the  wrappings,  to  break  a  cartridge  or  to  handle  the  frozen  explo- 
sive in  the  ordinary  way.    (See  pages  1 57  to  1 59  for  directions  for  thawing.) 

Regular  nitroglycerin  explosives  are  quickest  to  freeze.    Others,  known  as 
"Low  Freezing,"  will  stand  much  lower  temperatures  without 
causing  trouble  in  this  respect. 
Freezing  Ammonium  nitrate  explosives  also  will  freeze,  but  not  quite 

so  quickly  as  nitroglycerin  explosives.    They  too  are  made  on 
both  regular  smd  low  freezing  formulas.    The  low  freezing  am- 
monia will  stand  more  cold  than  the  low  freezing  nitroglycerin. 

The  regular  explosives  will  freeze  at  temperatures  of  45  to  50  degrees. 
The  low  freezing  explosives  will  not  freeze  and  become  solid  till  the  thermometer 
gets  down  below  the  freezing  point  of  water,  and  in  practice  many  of  them  can 
be  used  right  out  in  the  open  when  the  temperature  is  down  to  32^  F.  for  some 
time  before  starting  to  freeze.  The  length  of  time  the  powder  is  exposed  to 
the  cold  has  much  to  do  with  its  freezing. 

The  safety  point  for  both  low-freezing  explosives  and  regular  explosives  is 
not  a  matter  of  rule,  but  of  watching  the  explosive.    When  dynamite  is  frozen, 
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the  cartridges  will  be  hard,  and  when  it  is  partly  frozen  they  may  have  a  mottled 
appearance  on  outside  of  the  paper  wrappings.  The  hardness  may  only  be  in 
spots.  When  not  frozen,  the  cartridges  should  be  a  little  soft  all  over.  No 
explosives  should  be  handled  much,  cut,  punched,  rubbed,  broken  or  loaded 
when  they  are  frozen.  They  cannot  be  exploded  satisfactorily  and  such  acts 
are  dangerous. 

In  cold  weather  always  use  the  low  freezing  grade  of  explosives,  for  the 
regular  grades  may  freeze  in  the  holes  before  they  can  be  fired.  It  is  a  good  plan 
to  use  the  stronger  caps,  say  No.  8  (see  page  165)  in  cold  weather.  When  a 
charge  of  explosive  is  chilled  but  not  frozen  it  can  be  fired  satisfactorily  by  a 
heavier  impulse  (blow  and  heat)  than  ordinary,  such  as  a  fresh  No.  8  cap  gives. 
The  low  freezing  explosives  do  not  differ  in  action  from  the  regular  explosives. 
and  are  Just  as  efficient. 

The  gases  of  explosives  naturally  are  more  or  less  objectionable  when 
breathed.  Some  of  them  are  poisonous,  others  are  merely  disagreeable.  When 
explosives  are  used  out  in  the  open  the  gases  are  taken  up  by  the  air  so  quickly 
that  none  of  them  give  any  serious  trouble,  though  they  do  cause  headaches  liF 
the  fumes  are  inhaled.  It  is  only  in  tunnels  and  deep  shafts  where  the  air  is 
confined  that  the  matter  of  fumes  is  important,  not  on  farms. 

Special  explosives  have  been  developed  for  tunnel  smd  mine  work,  but  they 
are  not  important  in  agricultural  work.  The  only  fact  about  fumes  worth  know- 
ing in  farm  blasting  is  that  nitroglycerin  explosives  either 
in  the  form  of  their  gases  or  when  absorbed  through  the 
Other  Properties    skin  will  cause  headache  somewhat  quicker  than  ammonia 

explosives.  The  so-called  fumeless  explosives  always  cost 
more  than  any  ordinary  dynamites  and  are  not  suited  to 
farm  work.  Farmers  will  do  well  to  buy  grades  of  explosives  suited  for  their 
special  purpose. 

Most  dynamite  is  a  light-colored  material  that  looks  like  fine,  sticky  saw- 
dust, and  it  is  packed  in  "sticks"  or  cartridges  made  with  cylinders  of  tough 

paper.    These  cartridges  vary  in  diameter  and  length.    The 

standard  is  13^  inches  in  diameter  and  8  inches  long.    This 

Appearance  is  the  size  carried  in  stock  by  dealers  and  in  the  magazines 

of  Explosives      of  the  makers.    Sizes  other  than  the  standard  13^  by  8  inch 

may  cost  more  per  pound  than  the  standard  owing  to  higher 
packing  cost. 

Dynamite  is  usually  packed  in  wooden  boxes  containing  25  pounds  or  50 
pounds.  A  50-poUnd  box  of  20%  ammonia  dynamite  will  contain  about  100 
]14:  by  8-inch  cartridges.  If  of  20%  nitroglycerin,  it  will  contain  about  98 
cartridges.     If  of  gelatin  dynamite,  it  will  contain  about  88  cartridges. 

A  word  should  be  said  here  about  the  cost  of  explosives.  No  quotations  can 
be  given  because  the  prices  vary  in  different  parts  of  the  country  and  from  time 
to  time.  The  ammonia  products  usually  are  cheapest.  The  cost  of  course 
follows  the  percentage  strength,  the  low  percentages  cheaper  and  the  high  per- 
centages dearer.  Gelatin  explosives  cost  about  the  same  as  straight  nitro- 
glycerin explosives.  The  special  explosives  for  use  in  mines,  tunnels,  quarries, 
railroad  construction  work,  etc.,  often  cost  more  than  the  explosives  recom- 
mended here  for  farm  work. 

In  buying  explosives  look  first  to  getting  the  one  that  is  best  suited  to 
the  work  to  be  done,  and  aside  from  that  th.e  cheapest  one.  There  would 
be  no  object  in  using  a  straight  nitroglycerin  or  a  gelatin  explosive  when  one 
of  the  ammonia  farm  powders  would  do  the  work,  for  the  former  explosives 
cost  much  more  than  the  latter. 
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To  avoid  "explosive  misfits"  it  is  well  to  consider  carefully  the  nature  of 
the  material  to  be  blasted,  the  conditions  of  weather,  water,  etc.,  and  the  results 
wanted.  The  kind  of  explosives  to  use  depends  on  these  factors.  Keeping  in 
mind  the  facts  mentioned  in  preceding  paragraphs,  the  reader  will  see  that  there 
is  a  type  of  explosive  made  for  almost  every  condition  and  kind  of  work,  and 
will  understand  why  one  will  not  suit  the  work  of  another. 

As  the  briefest  and  clearest  way  of  giving  general  suggestions  for  the  t3i>e 
of  explosive  best  for  different  agricultural  work,  a  table  follows:  (Detailed 
recommendations  are  given  on  pages  136  and  152.) 

Explosidts  Recommended  for  Different  Work 

Stone  blasting — ^mudcap Straight  nitroglycerin  or  ammonia  djmamite, 

50%  or  60%. 

Stone  blasting — undermine 

"Snake holing'' To  break,  same  as  for  mudcapping;   to  throw 

out,  use  any  dynamite  of  20%  strength. 

Stone  blasting — ^blockhole To  shatter  well,  any  high  percentage  dynamite: 

to    break    into    large    pieces,    20%    ammonia 
dynamite. 
Soil  blasting — ^(or  subsoiling  and 

for  tree  planting 20%  ammonia  dynamite. 

Ditching — electric  firing 20%  to  40%  ammonia  explosives;  (nitroglycerin 

is  equally  effective);  in  loose  dry  ground,  high 
percentage  nitroglycerin  explosives. 
Ditching — ^transmitted  detona- 
tion  Straight  nitroglycerin  dynamite,  50%  or  60% 

strength. 
Stimip     blasting — in    medium 

and  heavy  soils,  wet  or  dry.  20%  or  30%  nitroglycerin  or  ammonia  dyntL- 

mite. 
Stump   blasting — in   dry  sand 

and  other  light  soil 40%  or  50%  nitroglycerin  or  ammonia  dyna- 
mite. 

If  you  are  in  doubt  as  to  the  best  explosives  for  your  particular  work  it  is 
well  to  write  to  the  manufacturer  you  prefer,  asking  which  of  his  grades  and 
brands  would  be  most  suitable. 

Detonation 

It  is  well  known  that  black  powder  is  fired  by  a  spark,  and  that  dynamites 
and  high  explosives  cannot  be  fired  by  a  spark  but  require  a  combination  of 

shock  smd  heat  such  as  is  produced  by  a  detQnator.     It 
is  not  so  well  known  that  there  are  great  differences  in  the 
Firing,  Exploding    nature  and  effect  of  the  explosion  of  any  dynamite,  due 
or  Detonating  to  variations  in  the  way  it  is  fired. 

An  explosion  of  dynamite  is  the  result  of  a  very  sudden 

creation  of  a  great  volume  of  gas  from  a  smaller  volume 

of  explosive.    The  kind  and  amount  of  gases  produced  by  smy  high  explosives 

depend  on  the  kind  and  amount  of  shock  used  to  fire  the  charge,  and  on  its 

confinement. 
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The  effect  of  lighting  a  piece  of  unconfined  dynamite  with  a  piece  of  fuse 
^without  a  cap  on,  is  that  die  dynamite  will  bum  fast  without  explodmg  and  make 
a  dense  smoke  which  has  a  bad  smell  and  produces  severe  headaches.  This  is 
simple  combustion.  If  the  piece  of  dynamite  is  confined  closely  and  lighted  in 
the  same  way  it  will  explode,  but  will  give  off  similar  bad  fumes.  If  a  weak  cap 
is  used  on  the  fuse,  or  the  dynamite  is  set  off  by  a  fall,  the  dynamite  will  be 
partially  detonated,  and  explode  with  considerable  force,  but  it  still  will  give 
off  the  bad  fumes  and  smoke.  The  same  piece  of  dynamite  fired  with  a  No.  6 
or  8  cap  will  be  completely  detonated,  and  will  explode  with  great  violence  and 
force,  even  when  unconfined,  except  by  air,  and  will  give  off  very  little  smoke. 

The  last-named  explosion  is  detonation.  It  is  produced  by  a  violent  shock 
in  connection  with  intense  heat.  Nitroglycerin  is  5  times  as  strong  as  black 
blasting  powder  when  exploded  by  fire,  and  10  times  as  strong  when  detonated. 
This  explains  the  enormous  force  given  by  detonation  as  compared  to  simple 
explosion. 

But  detonation  itself  is  no  set  thing  that  always  takes  place  the  same. 
There  is  good,  or  complete,  or  full  detonation,  and  there  is  partial  detonation. 
In  case  of  incomplete  detonation,  or  any  detonation  at  a  less  speed  than  the 
greatest  for  any  particular  explosive,  the  gases  formed  are  not  what  they  should 
be.  For  one  thing,  they  are  more  noxious  or  poisonous.  The  more  powerful 
and  severe  the  bk>w  delivered  by  the  cap,  the  more  quickly  does  the  chemical 
action  take  place  in  the  explosive.  It  is  only  when  high  explosives  detonate 
with  their  greatest  speed  that  their  maximum  power  is  generated. 

Air  spaces  about  the  cap  in  the  cartridge  of  explosive  cushion  its  blow  and 
weaken  detonation.  It  is  the  nature  of  the  initial  detonation  of  the  powder 
right  around  the  cap  which  governs  the  nature  of  the  explosion  of  the  whole 
charge.  A  blaster  should  understand  the  importance  of  setting  up  complde 
detonation  in  order  to  get  the  greatest  amount  of  force  out  of  explosives.  Some- 
times explosives  lose  as  much  as  20%  of  their  effectiveness  when  fired  with  weak 
caps.  Lack  of  confinement  has  a  similar  effect.  Sixty  per  cent,  djmamite 
poorly  detonated  is  less  effective  than  40%  well  detonated. 

When  explosives  become  chilled  it  is  difficult  to  detonate  them  properly 
with  the  usual  cap,  hence  the  advisability  of  using  a  very  strong  cap  in  cold 
weather — a  No.  8.  Many  of  the  holes  are  frequently  loaded  for  some  time 
before  firing,  and  even  if  the  powder  is  soft  and  normal  while  charging,  it  after- 
wards becomes  somewhat  chilled  in  the  cold  ground. 

Throughout  this  smd  other  bulletins  in  this  series,  the 

terms  caps  smd  electric  blasting  caps  are  used  in  speaking 

Cap  Means    of  the  exploders  used  to  fire  the  charges  of  dynamite,  although 

Detonator       in  the  field  and  among  manufacturers  the  same  articles  are 

called  by  the  terms  "detonators,"  or  "electric  exploders,"  or 
"electric  blasting  caps." 


Thawing  Explosives 

It  has  been  pointed  out  (on  page  1 54)  that  regular  explosives  chill  or  freeze 
at  temperatures  of  45  to  50  degrees.  With  the  increase  in  the  number  of  low 
freezing  explosives  that  seldom  need  thawing,  the  necessity  for  doing  the 
thawing  on  farms  is  not  as  frequent  as  it  used  to  be. 

Cartridges  of  frozen  dynamite  improperly  handled  are  dangerous  materials, 
and  whenever  the  temperature  is  near  the  freezing  point  for  them,  the  cartridges 
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should  be  iiupected  before  using  to  see  if  they  ihow  any  of  the  hardneu  that 

indicates  chilling.    If  so,  handle  them  very  carefully  till  they  are  thawed. 

Dynamites  will  be  a  little  soft  to  the  pressure  <rf  your 

thumb  when  they  are  not  frozen. 

Frozen  Explosive  Frozen  explosives  are  dangerous  because  they  are 

very  much  more  easily  exploded  in  the  course  of  ordinary 

handling.    They  are  more  sensitive  to  friction  and  to 

blows  of  tools.    The  cartridges  may  explode  when  broken  in  two,  when  wrappings 

are  cut  with  a  knife,  when  cap  holes  are  punched  with  a  stick,  or  when  they  are 

shoved  into  a  hole  with  a  tamping  stick.    At  the  same  time  they  are  so  much  less 

sensitive  to  the  direct  shock  of  a  detonating  cap  that  they  cannot  be  fired 

properly  with  a  cap.    Therefore  the  rule  must  be  laid  down  that  frozen  cartridges 

of  high  explosives  never  must  be  cut  or  ruptured  or  used  until  they  are  thawed. 

When  nitroglycerin  freezes  it  crystallizes,  therefore  the  nitroglycerin  in 

dynamite  tends  to  separate  from  its  absorbing  materials  into  small  crystals. 

When  the  dynamite  is  thawed  slowly  with  cartridges  lying  on  their  sides,  the 

nitroglycerin  is  reabsorbed  as  fast  as  it  liquefies.     But  when  thawed  too  fast, 

the  nitroglycerin  is  liable  to  run  out  of  the  cartridges  before  it  is  reabsorbed. 

Quick  thawing  will  damage  explosives  a  great  deal  more  than  they  would  be 

damaged  by  freezing  followed  by  long,  gradual  thawing. 

Thawirtg  is  a  dangerous  operation  when  not  done 
S  right.     It  probably  is  correct  to  state  that  more  acci- 
f  dents  with  dynamite  have  occurred  in  the  course  <d 
:    improper  thawing  than  for  all  other  reastms  put  to- 
gether.   At  the  same  time  proper  thawing  is  entirely 
safe. 

Two  of  the  most  frequent  causes  of  accidents  while 
thawing  explosives  are  in  putting  the  cartridges  into 
water  or  steam,  and  putting  them  on  hot  stoves  or  stones. 
Water,  and  especially  hot  water,  forces  the  nitro- 
glycerin out  of  the  cartridges.  The  free  nitroglycerin 
om  tma  at  tiianr  oa  gocs  to  the  bottom,  and  expkxjes  at  the  time  of  the  first 
'"*"**■  increase  in  beat,  or  first  light  blow.    When  cartridges 

of  dynamite  are  laid  on  hot  material  the  nitroglycerin  also  runs  from  the  paper 
wrai^ings  and  drops  of  it  fall  to  the  stone  or  metal. 
Causes  of  This  almost  always  causes  an  explosion.     At  about 

Accideatal  Explosions    350  F.  degrees  of  heat,  which  is  only  a  little  more  than 
that  of  boiling  water,  the  nitroglycerin  will  explode 
without  a  shock. 

Ejiamine  your  explosives  a  day  or  so  before  you  are  ready  to  use  them, 

and  if  they  show  that  they  are  frozen,  proceed  to  thaw 

them  in  one  of  the  following  ways:  Use  only  a  DRY  warmth. 

Safe  Thawing     Use  no  temperature  higher  than  is  comfortable  to  the  hand. 

or  the  limit  may  be  set  at  100  or  1 10  degrees.     Use  no  heat 

of  any  kind  that  cannot  be  controlled  with  certainty.     If 

you  do  this  you  will  be  safe. 

Every  large  maker  of  explosives  will  supply  thawirig  ai^jaratus  that  is 

safe.     Sometimes  this  is  a  double  kettle  arranged  so  that  Uie  cartridges  of 

e:q>losivea  can  be  placed  in  the  inside  vessel,  while  the  outside  vessel  can  be 

filled  with  warm  water  and  a  blanket  can  be  spread  over  the  top.    Other  more 

elaborate  thawers  consist  of  a  vessel  containing  watertight  tubes  just  big  enough 

to  hold  cartridges  of  explosive,  running  through  a  space  to  be  hlled  with  warm 

water.    The  catalogs  describe  these  ready-made  thawers  in  detail. 


HomC'inade  thftwera  can  be  arranged  with  two  buckets,  one  un&ll  enou^  to 
hang  inside  the  other.  Put  the  cartridges  inside  the  small  one  and  warm  water 
around  the  outside,  in  the  big  bucket.  Another  good  way  is  to  put  a  five-gallon 
can  of  wann  water  inside  a  barrel,  or  box,  and  pile  the  cartridges  of  explosives  in 
the  barrel  around  the  can.  The  top  of  the  barrel  should  be  covered  with  a 
blanket.  Or  put  the  water  in  the  barrel  and  the  explosives  in  a  can  or  bucket. 
A  small  closet  of  course  can  be  used  instead  of  a  barrel.  A  can  of  warm  water 
can  be  set  inside  a  magazine  to  keep  the  temperature  up. 

The  old-fashioned  manure  pile  method  of  thawing  is  reliable  and  safe. 
This  consists  in  burying  a  box  somewhat  larger  than  a  box  (A  explosives  in  fresh 
hone  manure,  and  placing  inside  it  the  box  of  explosives  to  be  thawed.  A  foot 
or  more  of  manure  must  cover  the  box,  and  a  small  pipe  or  tube  should  be  inserted 
(or  ventilation.  The  manure  must  be  fresh.  Allow  at  least  10  hours  to  thaw  a 
box  of  dynamite  in  this  way.    Twenty  hours  is  better. 

The  box  of  explosives  can  be  taken  into  any  warm  place  that  is  dry,  but  if 
this  ii  a  building  you  must  take  your  own  risk  of  fire  and  accident.  Watch  the 
box  and  the  cartridges  to  see  if  the  freezing  and  thawing  causes  the  cartridges  to 
leak  free  nitroglycerin.  If  any  of  this  leaks  out  of  the  car- 
Cartridges  OD  tridges  and  gets  on  the  floor  it  must  be  washed  up  according 
Sides  to  duections  in  paragraphs  on  storage.   (Pages  168  and  169.) 

The  cartridges  of  explosives  had  bett«  be  piled  irregularly 
rather  than  in  tiers,  for  thawing.  They  will  rise  in  temperature  quicker  in  this 
way.     They  always  must  lie  on  their  sides  rather  than  stand  on  end. 


Blectric  and  Fuse  Firing 

The  very  best  way  to  light  fuse  is  to  split  the  end  for  an  inch  or  less,  and 
stick  the  burning  head  oi  a  freshly 
scratched  match  ri^t  against  the 
exposed  powder  at  the  head  of  the 
sjJit.  fliis  will  light  the  fuse  even 
in  a  strong  wind. 

Where  there  are  very  many 
fuses  to  light  in  succession,  as  in 
subsoiling.  it  some- 
Fuse  aad  times  is  (f  advantage 
Cap  Filing  to  use  a  gasoline  or 
other  tord),  holding 
the  hot  flame  under  the  fuse  for  an  instant.  Whatever  the  method,  do  not 
leave  till  you  see  the  fuse  spitting  sparks  and  smoke  swiftly  and  regularly. 
Further  discussion  of  fuse  firing,  except  as  to  its  adaptations,  is  not  needed. 

Farmers  who  have  only  a  few  stones  or  stumps  to  blast, 
or  who  are  planting  a  few  trees  or  doing  a  little  subsoiling. 
Electric  Firing    will  not  nctd  any  other  method  of  firing  than  by  caps  and 
fuse.     Ditch  blasting  in  ground  not  watersoaked  demands 
electrical  Bring,  while  the  blasting  of  large  stumps,  particu- 
larly if  green,  and  in  sandy  soil,  as  well  as  the  blasting  of  large  rocks,  is  made 
easier,  safer  and  cheaper  by  electrical  firing.     For  large  amounts  of  almost  any 
blasting  except  that  of  tree  beds,  subsoiling  and  very  small  stumps  and  isolated 
small  boulders,  the  purchase  of  an  electric  blasting  machine  and  the  necessary 
wires  is  justified  by  the  advantages  of  the  electric  methods  of  6nng. 
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The  primary  reuon 
(or    the    superiority    of 
electric  firing  over  fu*e 
firing    is    that    several 
charges  may  be  explod- 
ed at  once;  the  different 
charges  will   increase 
the    effi- 
ciency   of 
AdTBUtages   each  other. 
Thus  in 
ditching, 
you  can  fire   many 
charges  in  a  row  and 
make  a  perfect  ditdi.    In  ituimi  blasting  several  small  charges  very  <Jten 
will  take  a  stump  out  better  than  one  large  charge,   and  in  orchsjd,  and 
garden  subsoiling  the  simultaneous  blasts  frequently  ate  of  advantage. 

Electric  firing  is  more  certain  when  the  charges  arc  under  water.  The 
danger  from  misfires  due  to  moisture  as  well  as  from  some  other  cause  is  reduced. 
Should'misfirc  of  the  electric  blasting  cap  occur,  you  are  safe  in  going  to  the 
charges  as  soon  as  the  wire  is  disconnected  from  the  blasting  machine.  With  a 
fuse  you  must  wait  some  hours  to  be  safe.  When  several  charges,  as  for  instance, 
several  boulder  blasts  are  to  be  fired,  you  can  make  one  trip  to  safety  do  for  the 
lot,  instead  of  having  to  travel  back  and  forward  for  each  shot.  The  greater 
safety  of  electrical  blasting  is  due  to  the  fact  that  the  time  of  firing  a  shot  is  under 
the  controlof  the  blaster.  Finally,  the  intelligent  and  careful  use  of  electric  firing, 
with  its  possibilities  of  two  or  more  small  charges  doing  the  work  of  one  large  one, 
and  its  other  economies,  will  save  considerable  explosives. 

All  the  makers  of  explosives  supply  electric  blasting  machines.    The  ma- 
chines are  small  boxes  of  wood  or  metal,  containing  a  small  dynamo  with  a  handle 
that  you  either  push  down  or  twist,  depending  on  the 
type  of  machine,  to  operate  and  to  fire  the  charges. 
Electric  Machine  The  machines  are  made  in  various  sizes  and  capacities 

to  fire  3,  10,  30,  or  more  charges  at  once.    The  10 
charge  machine  weighs  about  15  pounds.    Full  direc- 
tions for  operating  and  caring  for  the  machines  always  accompany  them. 

For  electric  firing,  in  addition  to  the  machine,  you  will  need  electric  blasting 
caps,  possibly  connecting  wire  and  leading  wire.    The  leading  wire  is  copper  wire 
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largeenoughtocarrytheamountof  current  required  for  the  number  of  charges  to 
be  fired  simultaneously.    It  is  covered  with  insulating  material,  and  is  made 

strong  and  durable  to  stand  much  use.  To  make  the  circuit  fr<Hn 
Wiring       the  blasting  machine  to  and  through  the  charges  and  back  again, 

you  must  have  two  strands  of  leading  wire.     It  comes  from  the 


ezpkwive  maker*  in  ungle-ttnnd 
bxm,  which  must  be  doubled,  uid 
in  what  they  call  duplex  form,  which  ' 
has  two  strandi  of  insulftted  wire 
twisted  together  or  wrapped  to- 
gether under  one  cover. 

The  two  small  copper  wires  th&t 
are  fixed  in  the  electric  blasting  caps 
(tee  pages  1 65  and  1 66)  should  be  long 
enough  to  reach  out  c^  the  holes. 

They    may    be 
Electric  bou^t  in  a  vari- 

Blasting  Caps     ety  of  lengths,  but 

4  or  6  feet  arc  re- 
garded as  standard.  If  the  charges  are  close  uiough  together  so  the  wires  can  be 
connected,  no  connecting  wire  will  be  needed;  but  whenever  the  distance  be- 
tween is  more,  the  charges  must  be  connected,  and  connecting  wire  is  the  right 
thing  to  do  it  with.  There  is  no  particular  limit  for  the  distance  between  chaises 
that  may  be  connected  for  firing  together. 


A  very  bad  connection — a 


of  misfires. 


The  diagrams  in  these  pages  will  show  how  to  make  electric  wire  connections. 
Cut  away  the  insulation  on  the  wire  ends  and  wrap  the  ends  together  tight. 
Wrap  them  for  two  inchei.  Looping  the  wires  will  not  do.  Be  careful  to 
scrape  with  a  knife  or  stone  the  wire  ends  to  make  them  bright  before  wrap- 
ping them  together.     Corroded  or  dirty  connections  are  a  cause  of  misfires. 

If  the  leading  wire  gets  broken  and  must  be 
Wire  Connectioiis  .  spliced,  solder  the  connection  after  wrapping  the 

Olds  together,  then  wrap  the  joint  with  t^>e  to 


inuilate  it.  Ordinary  tire-Upe  is  good,  but  a  better  w«y  U  to  wrap  the  joints 
with  special  rubber  tape  under- 
neath and  to  cover  this  with  the 
tire-tape. 

when  only  one  charge  is  to 

be  fired,  connect  the  encb  of  the 

2  strands  of  the  leading  wire  to 

the  2  electric  blasting  cap  wires 

ai>d  connect   the  other   leading 

wire  end  to  the  blasting  machine 

posts.     The  connection  with  the 

T.p.  (or  wT.pp.=.  ,am«  .nd  b,oi,«  in«u.tio«.        ^i^t^ical  blasting  machine  should 

be  made  the  last  thing  before  firing,  after  you  are  sure  that  the  charges  are  all 

ready  and  after  every  person  and  animal  is  out  of  the  way  of  the  flying  pieces. 

When  the  blast  is  all  connected  together  ready  to  fire,  except  attachmg  the 

leading  wire  to  the  machine,  give  the  handle  of  the  machine  one  or  two  light 

strokes,  to  make  sure  that  it  is  working  smoothly  and  to  charge  the  magnets. 

Tlien  attach  the  leading  wires  to  the  binding  posts  on  the  machine,  making 

sure  that  both  the  binding  posts  and  the  wires  are  bright  and  clean  where  they 

come  together.    Raise  the  handle  of  the  machine  to  its  full  height  and  push  it 

down  with  speed.    When  the  handle  starts  on  its  downward  stroke,  the  pinion 

immediately  clutches  the  armature  and  starts  the  generation  of  current.    The 

current,  growing  stronger  as  the  stroke  proceeds,  causes  considerable  resistance 

toward  the  end  of  the  stroke.    The  current  generated  is  directly  in  prt^rtion 

to  the  speed  with  which  the  handle  is  pushed  down,  especially  just  b^ore  reach- 

ing  the  bottom.    Any  let  up  toward  the  bottom  will  cause  a  drop  in  the  current 

and  may  result  in  misfires.    Therefore,  make  it  an  invariable  rule,  whether  the 

shot  be  large  or  small,  to  bang  the  handle  down  hard  and  carry  the  stroke  with 

all  possible  speed  to  the  bottom.    Try  to  knock  the  bottom  out  of  the  box. 

Machines  which  operate  by  the  twisting  of  a  handle  must  be  handled  equally 


■  jfujH* 


V*iT  bMt  wliec(iaiiKllon,re>ilr  lo[  Nldgdoi  if  a»d  be.    (BicsUtot  lor  Icadinc  w. 


When  more  than  one  charge  is  to  be  fired  the  different  charges  must  be 
connected  together.  The  diagrams  will  help  you  to  understand  how  this  should 
be  done.  For  nearly  all  agricultural  blasting  the  connection  in  one  series  is  the 
best — that  is,  connecting  each  charge  to  the  next  one  and  so  on  until  they  are 
all  joined,  with  one  loose  electric  blasting  cap  wire  from  the  two  end  charges 
of  ^e  series.    (See  diagram  A  and  D,  page  1 63.) 

Once  in  a  while,  where  the  series  is  long  and  the  charges  are  in  a  line,  you 
can  arrange  to  have  the  2  loose  wires  at  the  same  end  of  the  series  by  making 
the  connection,  not  to  each  next  charge  in  the  row,  but  to  the  one  beyond  and  at 
the  farther  end  doubling  back  and  connecting  the  missed  charges.  Do  not  use 
this  method  where  it  involves  many  splices  with  connecting  wire. 
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Method  of  wrmpinng  wires  together  to  make  electrical  joint,  and  taping  joint. 


In  a  bulletin  of  this  size  it  is  impossible  to  give  a  comprehensive  statement 
of  electric  firing.  But  to  give  some  idea,  it  can  be  stated  that  an  electric  blast- 
ing cap  requires  I  to  13^  amperes  to  insure  firing.  This  amount 
of  current  will  fire  one  cap  or  many  in  a  series.  To  force  this 
amount  of  current  through  the  wires  requires  a  certain  voltage, 
the  amount  depending  on  the  size  and  length  of  all  the  wires, 
and  on  the  joints.  One  bad  or  poorly  wrapped  joint  will  increase  the  resist- 
ance of  the  circuit  more  than  several  caps,  llie  voltage  of  the  current  required 
to  fire  any  circuit  usually  can  be  computed  by  an  expert  when  the  details  of  the 
wiring  system  are  explained  to  him. 


Current 
Required 


Sfra/ghf  series  connection  for 
use  v\^ith  blastmq  machine 


D 


Examples  of  ziq  -zeig 
3erie3  connections 


Ways  of  connecting  up  charges  for  electric  firing. 
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Electric  blasting  tnachinu  are  constructed  to  give  a  sufficient  amperage  and 
voltage  for  firing  properly  the  number  of  caps  specified  as  the  capacity  of  the 
machine  when  connected  in  a  series.  If  too  many  caps,  or  more  than  usual 
wiring  is  connected  to  any  machine,  misfires  will  result. 
Other  current  can  be  used  in  place  of  that  supplied  by  a 
machine,  provided  it  has  enough  and  not  too  much 
amperage  and  voltage.  Too  great  a  current  will  bum  out 
wires  without  firing  alt  the  charges.  Too  little  current 
sometimes  may  fire  a  part  of  the  charges  or  none. 

Bare  connections  at  the  charges  or  back  along  the 
leading  wire  should  be  raised  ofl  the  ground  by  stones, 
Sticks  or  piles  of  dirt  placed  under  insulated  parts  of  the 
wires  at  each  side  of  the  splice.  luring  a  thunder  storm, 
do  not  stand  near  any  of  the  charges  that  have  been 
connected.  Avoid  dragging  the  leading  wire  over  bare  or 
rou{^  ground  as  much  as  possible,  and  particularly  avoid 
kinking  it.  Be  careful  not  to  break  or  tear  or  scratch  the 
insulation  of  any  wires. 
'''"'  '™'„S!^,'  ''^'^'  Do  not  attempt  to  tire  through  a  long  lengrfi  of  leading 

wire  wound  in  a  coil  or  on  a  reel.  The  induction,  leakage 
or  short  circuit  of  current  in  the  coil  of  wire  causes  the  blasting  machine  to  deliver 
a  slow  discharge,  which  is  fatal  to  proper  firing.  Leading  wire  that  is  water- 
soaked  or  that  is  covered  with  mud  will  lose  a  considerable  part  of  its  current. 


Misfires 

Many  of  the  accidents  noted  each  year  in  blasting  operations  are  the 
result  of  attempting  to  examine  misfires  too  soon.  If  misfires  occur  with  fuse 
firing,  stay  away  from  the  shot  at  least  2  hours.  It  is  better  to  wait  until  the 
next  day,  for  the  spark  may  linger  24  hours  and  still  cause  an  explosion.  (See 
page  151.)  Rock  and  stump  misfires  are  to  be  avoided  especially.  Whenyouare 
firing  the  charges  electrically,  you  may  approach  the  shot  in  fifteen  minutes 
after  an  attempt  has  been  made  to  fire  the  shot. 

Misfires  are  due  to  the  following  named  causes.     The  remedies  for  them  are 

care  in  preparing  the  charges  and  in  loading,  the  details  of  which  are  given  in 
the  proper  chapters. 

With  cap  and  fuse  firing,  misfires  are  caused  by  having  the  end  of  fuse 
pulled  back  a  little  from  the  bottom  of  the  cap,  by  crimping  the  fuse  too  tightly 
with  a  groove  crimp  and  shutting  oS  the  spark,  by  damp  or  wet  fuse,  especially 
at  the  end  of  the  cap.  by  defective  cap,  by  the  cap  getting  pulled  out  of  the 
explosive,  by  kinked,  damaged,  broken  or  pinched  fuse,  by  failure  to  tight  fuse. 
A  great  many  misfires  were  never  fired  at  all.  With  electric  firing  the  reasons 
for  misfires  may  We  damaged  wires  in  the  hole,  causing  short  circuits,  defective 
caps,  overloaded  blasting  machine  (trying  to  fire  a  greater  number  of  electric 
blasting  caps  than  the  machine  is  designed  for),  cap  pulled  out  of  explosive,  bad 
wire  cormection  at  some  point,  or  broken  wire. 

If  you  find  after  due  time  that  for  some  reason  the  charge  cannot  be  fired 
by  lighting  the  old  fuse  or  by  sending  current  through  the  wires,  you  must  deal 
with  a  real  misfire. 

The  best  thing  to  do  is  to  put  in  another,  lighter  charge  in  a  new  hole  made 
6  to  1 2  inches  fr(»n  the  original  one.    The  explosion  of  the  new  charge  will  explode 
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the  old  one.  Never  touch  the  tamping  in  the  old  hole  unless  you  know  just  how 
deep  it  is,  or  how  many  inches  of  it  there  are  above  the  charge.  Once  in  a 
while  the  tamping  may  be  dug  out  of  a  blodchole  misfire.  1 1  seldom  pays  to  do 
this  in  stump  blasting,  and  never  in  ditching,  or  soil  blasting.  At  best  it  is  a 
dangerous  operation.  Mudcap  charges  can  be  opened  and  new  primers  inserted 
without  danger  or  difficulty.  This  should  be  done  by  removing  part  of  the 
mud  at  another  point,  and  inserting  a  new  cap  and  nise,  or  electric  blasting 
cap,  as  the  cue  may  be. 

Cap  (Detonators) 

Blasting  caps  are  little  copper  tubes  closed  at  one  end.  1J/^  to  2  inches  long 
and  something  less  than  a  quarter  of  an  inch  in  diameter.    At  the  bottom  is 
placed  several  grains  of  a  high  explosive  that  is  very  powerful  and  exceedingly 
senntivc  to  heat,  shock  and  friction.     This  high  explosive  usually  is  fulminate 
erf   mercury,    but   oftm    is    other 
material.   They  are  packed  in  small 
tin  boxes,  open  end  up,  usually  100 
to  the  box. 

The  purpose  of  the  blasting 
cap  is  to  supply  the  shock  and 
heat  necessary  to  detonate  the 
charge  of  dynamite  to  be  fired. 
So  sensitive  is  the  detonating 
material  that  it  would  be  imposu- 
ble  to  handle  the  little  bit  of  ex- 
plosive in  the  caps  if  it  were  not 
protected  by  the  copper  shell.  Even 
at  that  caps  must  be  kept  free 
from  jars  and  from  heat  and  sparks 
to  avoid  premature  explosion. 

The  strength  of  caps  is  care- 
fully regulated  by  the  makers  to 
fire  the  dynamites  and  powders  on 
the  market.  The  explosive  material 
with  which  the  caps  are  loaded  is 
such  as  will  deliver  a  shock  and  a 
degree  of  heat  of  the  strength  and 

violence    required.     The   caps  are         OudBataacdiMrTblwtliicaifaiFudCu* 
numbered  according    to  strength.  detWc  biuflnf  c«p».  oftw  e«ii«>  (mot. 

All  dynamites  and  powders  used  for  agricultural  blasting  require  at  least  a  No.  6 
cap.  If  they  are  diilled  a  little,  but  not  frozen,  they  require  No.  8.  It  is  the 
part  erf  wisdom  to  use  No.  8  caps  all  the  time,  especially  for  propagated  ditch 
blasting,  if  you  can  get  them.  They  give  you  a  margin  of  strei^th  should 
moisture  or  other  causes  weaken  them  in  storage. 

Blasting  caps  must  be  used  with  fuse.  And  before  they  are  inserted  in  the 
cartridge  of  explosive  they  must  be  fixed  to  the  fuse  properly.  (See  pages  1 44  to 
147.)     It  is  the  spark  which  travels  down  the  fuse  liiat  fires  the  cap. 

Electric  blasting  caps  are  made  on  the  same  principle  as  ordinary  blasting 
caps.    They  have  the  copper  tube,  the  explosive  at  the  bottom,  etc.,  but  they 
differ  in  the  way  this  explosive  is  fired.     Instead  of  by  a  powder  spark  they  are 
fired  by  a  red'hot  wire  that  is  heated  by  an  electric  current. 
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Every  electric  blasting  cap  haa  fitted  in  it  2  small  copper  wires,  which 
must  be  considered  part  of  the  cap.  Down  near  the  bottom  of  the  cap  is  a  deli- 
cate bridge  of  finer  wire.  The  entire  arrangetnent  is  held  in  adjustment  and 
sealed  by  a  casting  of  sulphur-like  subitarKe. 


lA  «l«ctr1c  bl&EtlQi  cap  <n  lax*. 
For  fuse  blasting  you  must  use  regular  blasting  caps,  and  for  electricbluting 
you  must  use  electric  blasting  caps.  It  is  impossible  to  substitute  one  for  the 
other.  Never  pull  at  the  wires  in  an  electric  cap.  It  is  dangerous  and  may  looim 
or  throw  out  of  adjustment  the  arrangement  of  wires  inside.  And  never  try  to 
dig  out  the  wires  <^  an  electric  cap  or  to  dig  or  to  punch  the  explosive  in  the 
bottom  of  a  blasting  cap. 

se> 

r  and  for  firing  dynamite  and 
cap.  It  is  made  by  enclosing 
n  a  covering  a  train  of  special 
:  powder  and  an  inflammable 
n  string.  The  spark  run* 
I  this  powder  tiain. 
rhe  powder  used  in  fuse  is 
ally  made  for  tfie  purpose,  t* 
:rized  and  is  highly  compressed 
le  covering  of  the  fuse.  The 
:ing  itself  is  made  of  varying 
rials,  depending  on  the  condi' 
under  which  the  fuse  is  to  be 
For  dry  work  it  is  only 
gh  to  hold  the  powder  in  place 
:o  keep  the  powder  train  from 
[ig  broken.  For  damp  and  wet 
work  it  is  made  waterproof  by  in- 
PueuiteomsiiDioiii.  creasing  the  number  of  layers  in 

the  covering  and  by  adding  varnish,  coal  tar,  as  o^cr  wateiproofing  material. 
There  are  many  brands  of  fuse  on  the  market.    In  buying  fuse  you  must 
bear  in  mind  the  character  of  your  work.    For  work  that  is  en- 
Grades  tirely  dry  you  can  use  ordinary  cotton  or  hemp  fuse  with  satis- 
faction, if  it  is  large  enough  to  ht  a  blasting  cap  snugly. 
For  work  in  damp  ground,  use  a  fuse  in  which  the  cotton  or  hemp  is  covered 
with  one  layer  of  waterproof  tape  or  other  material.     This  is  called  single-tape 
grade  or  may  be  known  by  brand  name  only.     For  work  where  the  ground  is 
wet,  such  as  in  stump  and  stone  blasting  in  damp  or  wet  weather,  use  a  double- 
covered  fuse-^se  that  has  two  layers  of  tape  or  other  material  over  the  cotbni 


covering  and  waterproofing  material  added.  For  work  where  water  covers  the 
charges  it  is  best  to  use  fuse  with  three  layers  of  tape  or  other  material  and 
full  waterproofing.  This  is  called  triple-tape  fuse  or  may  haye  special  brand 
names.  When  buying  fuse  for  general  farm  work,  it  is  well  to  get  a  water- 
proof  grade,  since  it  can  be  used  for  both  wet  and  dry  work. 

y^  Most  reliable  fuse  bums  about  2  feet  per  minute  when  in  perfect  condition. 

If  it  becomes  damp,  it  bums  much  slower.  Cases  have  been  known 

where  the  spark  smouldered  in  damp  fuse  for  hours  without 

Rate  of  traveling  more  than  a  few  inches.    Another  source  of  uncertainty 

Burning        is  where  fuse  has  been  pinched.    It  may  take  the  spark  a  minute 

or  an  hour  or  a  day  to  get  past  the  pinched  point. 

***-^  When  fuse  is  cold,  it  is  hard  and  brittle,  and  may  crack  open 

when  unrolled.  If  it  gets  too  warm,  its  waterproofing  material  may  penetrate 
to  the  powder  train  inside  and  ruin  it;  or  the  covering  may  first  soften  and  then 
harden,  in  this  condition  breaking  as  though  cold  when  unrolled.  If  grease  is 
allowed  on  the  cover  it  may  combine  with  the  waterproofing  and  ruin  the 
powder  inside. 

Handling  Explosives 

Dynamites  in  boxes  can  be  hauled  freely  in  spring  wagons  or  auto  truck. 
You  should  see  that  no  bolt  heads  or  other  metal  parts  project  from  the  wagon 
boxes  to  strike  the  boxes  of  explosives.  Sweep  all  dirt  out  of  the  wagon.  Have 
the  beds  clean  or  covered  with  straw  or  blankets. 

Go  over  your  wagon  and  harness  before  you  load  dynamite  to  make  sure 
they  will  not  break  down  while  you  have  the  explosive  aboard.  Be  sure  you 
have  the  hitching  straps  or  tie-ropes  along,  and  do  not  leave  the  horses  standing 
without  tying  them  securely.  Break  no  colts  while  hauling  explosives.  If 
you  use  a.  motor,  stop  it  and  set  the  brake  tight  before  you  leave  the  load.  In 
driving  through  a  town  stay  away  from  dangerous  crossings. 

Keep  the  cartridges  of  explosive  in  their  original  boxes  until  you  are  ready  to 
use  them.  Don't  have  them  around  loose.  In- carrying  them  to  the  field,  use 
a  wood  basket  or  a  box  and  not  a  metal  bucket.  Always  protect  explosives  from 
all  possibility  of  being  reached  by  falling  sparks  or  from  match  heads  or  other 
source  of  fire.  Rain,  hot  sun  and  the  like  must  be  kept  away  from  explosives. 
Use  care  to  lay  cartridges  or  set  the  boxes  or  baskets  containing  explosives  where 
they  will  not  fall  down,  be  blown  over  by  wind  or  knocked  over  by  careless  people 
or  by  animals.  Cattle  will  eat  cartridges  of  dynamite  because  of  their  sweet  and 
salty  taste.    The  explosive  will  make  them  sick,  sometimes  kill  them. 

Since  nitroglycerin  often  will  cause  headache  when  absorbed  through  the 
skin  it  is  best  to  wear  gloves  when  handling  the  cartridges.  For  this  same 
reason  some  people  punch  holes  for  caps  in  the  cartridges  with  a  piece  of  wood 
rather  than  with  the  handle  of  the  cap  crimper. 

Caps  should  not  be  carried  in  the  same  basket  or  box  as  explosive,  but  should 
be  carried  separately.  Take  only  enough  along  to  do  the  work  in  view  and 
carry  them  in  the  tin  boxes  they  come  in.  Many  serious  accidents  have  been 
caused  by  blasters  having  loose  caps  in  their  pockets  during  work  or  afterwards. 
Sooner  or  later  a  chance  jar  is  likely  to  set  them  off.  When  several  caps  have 
been  taken  out  of  the  little  tin  box  in  which  they  come  the  rest  will  be  loose  and 
will  rattle  about.    This  should  be  stopped  by  filling  up  the  empty  space  with 

The  handling  of  caps  is  not  dangerous  provided  you  do  it  intelligently  and 
with  care.    Kup  tkmn  icfe  frcm  any  Jan  or  heal.    You  can  sometimes  do 
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many  foolish  things  with  d3mamite  without  serious  results  to 

yourself,  but  not  with  caps.    Letting  a  cap  fall  to  the  ground 

Handling  or  floor  likely  will  cause  it  to  explode.    For  this  reason  you 

should  keep  the  caps  and  explosives  apart,  in  hauling,  storing, 
and  handling,  bringing  them  together  only  at  the  last  minute 
before  you  prepare  the  charge  to  be  loaded  in  the  hole.    One  cap  can  produce 
an  explosion  powerful  enough  to  tear  your  hands  off. 

Electric  blasting  caps  must  be  nandled  with  the  same  care  as  regular 
blasting  caps.  All  caps  must  be  protected  from  dampness  during  handling.  No 
trouble  will  be  eroerienced  if  you  use  common  sense  at  every  turn,  but  thought- 
lessness and  carekssness  in  the  handling  of  explosives  will  cause  disaster.  Bear 
in  oiind  tliat  when  an  accident  happens  with  an  explosive  there  is  no  time  to 
save  yourself,  and  no  afterthought  will  prevent  serious  injury  to  you.  Fore- 
thou^t  is  the  thing  with  explosives.  In  an  explosive  you  are  handling  an  enor- 
mous strength.  The  fact  that  it  occupies  small  bulk  now  should  not  interfere 
with  your  imagining  it  as  an  enormous  engine  with  power  enough  to  crush  you 
easily,  but  under  entire  control  if  you  do  your  part  right. 

Storing  Explosives  and  Supplies 

The  storing  of  dynamites  on  farms  offers  no  serious  problems,  though  it 
may  call  for  some  shifting  of  arrangements  to  meet  proper  requirements.  The 
explosives  must  be  kept  dry.  They  should  be  kept  cool.  This  means  that 
any  ordinary  temperature  of  the  air  is  all  right,  except  that  in  hot  weather 
the  room  where  the  explosive  is  kept  should  not  get  warmer  than  80  or  90 
degrees.  If  it  is  properly  ventilated  day  and  night  it  will  not.  Probably  the 
best  common  storage  place  for  explosive  is  in  an  outbuilding  under  the  floor  of 
which  the  air  circulates  freely  and  with  a  ceiling  between  the  room  and  the  roof. 
It  should  be  strong,  and  should  be  provided  with  a  lock.  A  responsible  person 
should  have  charge  of  the  key  at  all  times. 

The  explosive  should  not  be  kept  in  a  garret,  because  the  hot  sun  beating 
down  on  a  roof  will  raise  the  temperature  under  the  roof  away  past  the  100 
degree  mark. 

Dampness  is  injurious  to  explosives,  as  noted  on  page  143,  and  dynamites 
and  powders  must  be  kept  where  moist  air  will  not  surround  them.  The  ideal 
storage  would  be  fireproof,  but  since  this  is  out  of  the  question  on  the  average 
farm,  the  best  that  can  be  done  in  that  respect  is  to  guard  against  fire.  It  is 
well  to  make  sure  that  the  explosive  is  out  of  reach  of  any  stray  or  malicious 
bullet  that  might  be  fired  into  it. 

Look  to  your  insurance  policies  and  see  whether  they  provide  against  the 
storage  of  explosives  in  any  of  your  buildings.  Store  the  explosive  in  a  building 
not  covered  by  the  insurance. 

Where  large  quantities  of  explosives  are  to  be  stored  as  a  regular  thing, 
or  for  any  length  of  time,  it  is  advisable  to  consult  the  makers 
of  explosives  or  others  experienced  in  their  handling  in  regard 

Magazines       to  the  location  and  construction  of  a  magazine.    A  magazine 

can  be  set  up  cheaply  and  can  be  made  fireproof,  bullet  proof, 
thief  proof,  well  ventilated,  dry  and  safe  in  every  way.     It 

should  be  built  of  brick.    Any  explosive  maker  will  furnish  plans  without 

charge.    In  any  case  explosives  should  be  stored  at  least  50  yards  away  from 

any  other  builcUngs  and  from  roads  or  railroads. 
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Blasting  caps  of  any  kind  must  not  be  stored  with  dynamite  or  powckr. 

Fuse  is  not  explosive  and  can  be  stored  with  dynamite  or  powder. 

^  Blasting  caps  are  even  more  subject  to  damage  by  moisture  than 

■^  eacplosive  and  must  be  stored  accordingly.   Caps  must  not  be  allowed 

to  become  heated. 

A  statement  of  the  ways  in  which  explosive  deteriorates  will  help  in 
selecting  a  proper  storage  place  for  it.    In  temperatures  higher  than  80  degrees 

troubles  may  begin.    Long  continued  temperatures  of 

90  to  100  degrees  may  cause  the  nitroglycerin  to  leak 

Deterioration  out  of  the  absorbing  material  and  to  gather  inside  the 

wrapping  on  the  lower  side  of  the  cartridges,  or  may 
even  cause  it  to  leak  out  of  the  wrappings  through  the 
boxes  and  to  the  floor. 

Strict  watch  should  be  kept  of  the  cartridges  and  the  boxes  to  catch  any  such 
condition.  If  leakage  occurs,  turn  the  explosive  over  and  reduce  the  temper- 
ature. Bum  the  empty  boxes  one  or  two  at  a  time  out  away  from  buildings, 
and  scrub  the  floor  where  the  leakage  occurred  with  a  strong  solution  of  sal 
soda.  This  will  decompose  the  nitroglycerin.  If  it  becomes  necessary  to  de- 
stroy a  little  explosive  without  detonating  it,  the  job  can  be  done  by  immersing 
it  until  dissolved  in  such  a  solution,  stirring  it  gently  with  a  wood  paddle. 

If  the  cartridges  feel  smeary  it  is  possible  they  are  leaking.  The  test  is  to 
lay  them  on  white  paper  for  a  little  while.  If  they  are  leaking  they  will  stain  the 
paper,  otherwise  not. 

At  a  temperature  of  105  degrees  nitroglycerin  explosives  will  lose  10%  of 
their  strength  in  a  few  days  by  evaporation.  Repeated  freezing  and  thawing 
is  bad  for  explosives,  especially  if  the  thawing  is  rapid.  Slow  thawing  will  not 
damage  them.  After  explosive  once  is  frozen  and  thawed,  it  will  freeze  much 
easier  again. 

When  stored  for  many  months  explosives  are  liable  to  decomposition  of 
same  of  their  elements,  especially  if  they  get  damp  or  too  warm.  One  of  the 
marks  of  this  is  greenish  stains  inside  the  cartridge  wrappings.  No  length  of 
time  can  be  stated  for  the  keeping  of  explosives,  because  it  practically  all  de- 
pends on  conditions.  Under  favorable  conditions  most  dynamites  and  powders 
will  remain  in  good  shape  for  years.  Again,  a  month  of  improper  storage  will 
ruin  them  and  make  them  dangerous  to  handle.  They  develop  troubles  sooner 
in  the  light  than  in  the  dark. 

Deteriorated  explosives  are  likely  to  be  dangerous — ^far  more  so  than  normal 
explosive.  Keep  watch  over  what  you  have  in  stock.  Maintain  proper  condi- 
tions as  far  as  possible,  but  if  they  show  troubles  do  not  hesitate  to  condemn 
them. 

Shipping  Explosives 

The  shipping  of  high  explosives  is  controlled  by  the  Interstate  G>mmerce 
G>mmission,  and  the  rules  and  regulations  are  very  strict  and  rigid.  Most  of 
them  are  embodied  in  an  Act  of  G>ngress  of  March  4,  1 909,  and  violations  are 
punishable  with  fines  of  not  more  than  $2,000,  or  imprisonment  for  not  more  than 
eighteen  months,  or  both.    The  person  making  the  shipment  is  responsible. 

A  copy  of  the  rules  and  regulations  can  be  secured  from  the  Bureau  of 
Elxplosives,  30  Vesey  Street,  New  York  City,  or  can  be  read  at  any  freight 
station  where  there  is  an  agent. 

The  rules  provide  that  no  explosives  (other  than  certain  exceptions  named) 
shall  be  carried  on  any  train,  boat,  trolley,  or  other  vehicle  carrying  passengers 
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for  hire,  and  that  no  explodves  under  deceptive  or  falie  marldngt  or  under- 
standing shall  be  delivered  to  a  common  carrier;  and  further,  that  all  other 
regulations  shall  be  complied  with. 

In  shipping  by  railroad  no  caps  or  detonators  of  any  kind  can  be  sent  in 
the  same  car  with  eacplosives.  In  practice  the  railroads  usually  send  them  by 
another  train,  which  works  out  to  be  another  day  in  the  cases  of  nearly  all 
shipments.  This  is  responsible  for  some  delay  in  delivery  of  explosive  ship- 
ments. I>o  not  expect  to  have  explosives  come  through  as  quickly  as  you  would 
other  freight. 

Elxplosives  cannot  be  shipped  by  express  or  by  mail,  but  are  sent  by  freight. 
The  railroad  company  is  required  to  place  the  packages  in  a  certain  way  inside 
the  car  and  to  brace  them  with  lumber.  In  case  of  car-lot  shipments  the  shipper 
must  furnish  this  lumber  and  do  the  bracing. 

The  regulations  provide  that  railroads  must  have  24  hours*  notice  of  ship- 
ment of  explosives,  and  that  shipments  must  be  removed  from  the  receioing  station 
within  24  hours  of  their  arrival  there.  The  packages  must  be  plainly  stenciled 
with  the  name  of  shipper  and  consignee,  and  bilL  of  lading  must  conform  with 
certain  specifications. 

Empty  boxes  which  once  have  contained  explosives  must  never  again  be 
used  for  shipments  of  any  kind.  Farmers  who  have  attempted  to  ship  vegetables 
or  other  farm  products  in  such  boxes  have  unwittingly  gotten  themselves  into 
trouble  on  account  of  this  regulation  more  than  once. 

Danger  and  Safety 

Modem  explosives  have  been  developed  to  the  point  where  they  need  not 
be  feared  by  anyone  who  handles  them  intelligently.  Speaking  in  a  comparative 
way,  they  may  be  used  with  no  greater  dangers  than  there  is  in  the  using  of 
horses,  mowers,  traction  engines,  sawmills,  or  other  farm  equipment,  or  than 
there  is  in  using  shotguns  or  rifles. 

The  general  use  of  explosives  on  farms  is  so  new  that  many  people  dis- 
trust them  more  because  of  their  newness  than  from  a  clear  understanding  of 
any  actual  dangers  their  use  may  hold.  A  review  of  what  the  dangers  are  may 
help  users  of  explosives  to  avoid  them,  and  may  help  to  build  up  the  reader's 
belief  in  the  srfeiy  of  explosives. 

There  is  some  danger  in  the  handling  and  transporting  of  explosives,  but 
it  depends  very  largely  on  the  exposure  of  the  dynamite  or  powder  to  heat, 
flame,  sparks,  blows  and  friction.  The  directions  say  to  keep  explosives  dry, 
to  keep  them  at  a  temperature  less  than  90  or  100  degrees  F.,  to  keep  them 
safe  from  sparks,  and  to  avoid  blows  and  shocks.  If  these  directions  are  followed 
there  will  be  few  accidents. 

Probably  the  most  common  cause  of  accidents  with  explosives  lies  in  viola- 
tion of  some  of  these  primary  rules  while  thawing  frozen  cartridges  of  dynamite. 
Freezing  makes  the  high  explosive  less  sensitive  to  the  simple  direct  shock 
of  a  blasting  cap,  unaccompanied,  as  it  is,  by  any  friction.  But  at  the  same 
time  freezing  makes  the  explosive  more  sensitive  to  friction  in  any  form. 

For  this  reason,  though  a  frozen  cartridge  of  dynamite  cannot  be  fired  prop- 
erly by  a  blasting  cap,  it  is  very  likely  to  be  fired  prematurely  by  a  chance  light 
blow  from  any  object  touching  it,  by  your  slitting  the  wrapping  paper  with  a 
knife,  by  breaking  the  cartridge  in  two,  or  by  attempting  to  punch  a  hole  into  it  to 
insert  a  cap.  (These  operations  are  entirely  safe  when  the  explosive  is  normal.)  If 
the  cartridge  is  dipped  in  warm  water  or  exposed  to  steam,  or  is  laid  on  anything 
which  is  warmer  than  about  1 25  degrees,  free  nitroglycerin  likely  will  leak  out 
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and  fall  in  drops.  Andonedropof  nitroglycerin  falUng  only  a  few  inches  may  be 
exploded  itself  and  may  eacplode  all  dynamite  that  is  near  it. 

Throughout  the  entire  course  of  handling  the  eacplosive,  from  the  freight 
station  to  the  hole  in  the  stone  or  the  ground»  you  should  remember  the  five 
cautions  which  will  be  repeated:  Keep  it  dry,  keep  it  cool,  keep  it  away  from 
sparks  and  flame,  and  keep  it  safe  from  blows  and  friction.  Be  careful — as 
careful  as  you  would  in  driving  a  big  automobile  or  a  traction  engine.  Then 
you  will  be  secure  from  any  accidents,  and  explosives  will  be  safe  to  handle. 
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INTRODUCTORY 

TilS  bulletin  is  published  by  the  Institute  of  Makers 
of  Ejcplosives.  It  is  not  intended  to  sell  anything, 
or  in  any  sense  as  a  piece  of  sales  literature,  but  as  a 
manual  or  handbook  for  those  who  drain  land  and  make 
ditches,  and  possibly  as  a  textbook  for  students  of  agri- 
culture and  rural  engineering. 

Ever  since  the  blasting  of  ditches  has  become 
standard  practice  there  has  been  need  of  some  book  of 
reference  containing  the  essential  facts  about  the  use  of 
explosives  in  the  making  of  ditches,  eliminating  untried 
theory  and  conflict  of  opinion  so  often  found  in  less 
complete  publications  on  the  subject. 

Sufficient  knowledge  and  experience  in  the  use  of 
explosives  for  this  purpose  have  been  accumulated.  The 
time  has  come  when  such  a  book  can  be  prepared 
authoritatively. 
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The  Matter  of  Farm  Drainagii 

Much  draining  of  agricultural  land  has  been  neglected  because  it  has  de- 
manded so  much  money,  time  and  hard  work,  and  so  many  men.  The 
eicesaive  cost  of  ditching  has  retarded  plans  to  drain,  and  poor  methods  have 
retarded  actual  construction. 

In  times  past  ditches  have  been  made  largely  by  hand  shoveling.  A  few 
<A  them  have  been  plowed  out  when  shallow  ditches  could  be  made  to  do  the 
work  at  all.  But  the  digging  of  a  few  hundred  yards  of  ditch  3  feet  deep  has 
been  a  summer's  work  on  a  farm,  and  the  draining  of  land  always  has  been 
veiy  expensive  and  hard. 

With  the  increase  in  the  cost  of  labor,  and  the  scarcity  of  farm  he^  com- 
pared to  the  numbers  of  men  that  used  to  be  available,  there  is  serious  iwed 
(or  means  of  draining  that  are  easier,  quicker  and  cheaper.  SiiKe  ditching 
with  explosives  has  become  well  known  and  generally  practiced,  it  has  come 
to  be  the  desired  method. 


Obmrs  the  eren  iTCndiiic  ■>[  ncmted  euth  ant  Iha  tunoundioscroDnd,  iMtrlof  Utile  tUraltd 
b«Bk  on  Ibe  cdfM  of  tha  ditch.  Erep  in  hMTy,  sdff  cUy  luch  u  thii,  the  HploiloD  irhidB  the  earth 
up  prettT  flae.     (Cheater  Co.,  Pa.) 

With  few  exceptions,  ditches  can  be  excavated  with  explosives  anywhere. 
The  nub  of  the  whole  matter  lies  in  the  fact  that  one  of  the  cheapest  ways  of 
moving  dirt  known  is  with  explosives. 

To  blast  ditches  practically  all  that  is  necessary  is  to  punch  lines  of  holes 
and  push  charges  to  the  bottom.  The  sides  and  bottoms  of  the  blasted  ditches 
are  not  as  smooth  as  if  they  were  shoveled  out.  but  they  are  even  and  true, 
and  the  flow  of  water  soon  levels  them  down  and  smooths  the  bottoms. 

The  work  can  be  done  quickly,  neatly  and  with  no  expensive  outfit.  It  calls 
for  few  men.  A  month's  work  by  ordinary  methods  can  be  done  in  a  day,  or 
a  week's  work  in  an  hour.  Ditches  can  be  blasted  through  any  kind  of  ground 
except  dry  sand.  The  presence  of  brush,  grass,  stumps  and  stones  is  no  bar  to 
this  method  of  cutting  out  the  ditches,  though  of  course  they  dig  out  smoother 
and  cheaper  when  the  nature  of  the  ground  is  clean  and  clear. 

As  for  size,  ditches  of  almost  any  desired  depth  greater  than  I  !^  feet  and 
any  ordinary  width  greater  than  3J^  feet  can  be  blasted  out.   Ditches  in  fields 


Re|itei«oUitlT«  bluMd  dllchai  In  undr  loun  of  tha  AUutic  Coul  lectloD.  la  luch  mcWrul  tbe 
clui|«  miut  bo  hesTj  anil  must  bo  ■kUlfDUT  placed  to  prodace  tlM  pcilKI  lenilti  thown.  Wllb 
impec  ors  Ilia  eiundon  li  aatUfacMrr  and  dia  aidaa  man  aTan  (ad  tni*  than  in  clay  k^. 

(Chatleatoa,  S.  C.) 
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and  along  roads,  ponds,  canals  for  drainage  or  boats,  stream  channek  and 
similar  cuts  for  any  purpose  can  be  blasted  out. 

Hiis  book  explains  the  possibilities  of  blasting  and  makes  clear  the 
basis  on  which  choice  of  a  method  for  your  work  should  rest.  It  shows  how 
to  plan  and  to  lay  out  drainage  systems,  and  how  to  construct  open  ditches  to 
the  best  advantage.  Other  methods  than  blasting  are  recommended  frankly 
when  conditions  and  purposes  are  such  that  can  be  used  to  the  best  advantage. 

Conditions  Demanding  Drainage 

Two  classes  of  farm  land  should  be  drained.  One  is  the  usual  swamp  land 
where  the  ground  is  saturated  with  water  or  at  least  is  too  wet  for  the  growth 
of  cultivated  plants.  The  other  class  is  land  now  cultivated,  but  which  at 
some  part  oi  the  year  carries  excess  water. 

Tlie  wet  or  damp  lands  may  be  merely  low  spots  in  fields,  or  may  be  entire 
valle3rs.  Low  spots  often  can  be  dried  by  cutting  a  ditch  through  rims  of  higher 
ground  surrounding.  If  the  wet  condition  is  caused  by  overflow  from  streams, 
the  stream  channels  should  be  deepened  or  widened  till  they  carry  all  the  water. 
If  seepage  from  springs  on  the  land  or  above  it  causes  the  trouble,  a  ditch  cut 
across  the  flow  of  the  seepage  water  will  be  the  proper  remedy.  If  the  water-table 
is  too  high,  a  big  open  drain  may  gather  and  carry  away  the  surplus, 
lowering  the  surface  of  the  ground  water  to  where  it  will  not  interfere  with 
roots. 

On  account  of  the  matter  of  moisture  storage,  as  well  as  on  account  of 
general  fertility,  all  land  which  is  cultivated  should  be  drained  thoroughly  of 
excess  water.  It  is  not  enough  to  reduce  the  surplus  to  a  point  where  meadow 
grass  will  grow;  the  drainage  must  be  sufficient  to  dry  off  the  ground  soon 
after  each  rain  and  soon  in  the  spring. 

Roads  always  must  be  well  drained  if  they  are  to  remain  solid  and  hold 
their  shape  in  wet  weather.  Crooked  streams  should  be  straightened,  to  pre- 
vent cutting  of  the  banks  and  overflowing,  and  ditches  and  streams  too  shallow 
or  small  to  carry  the  volume  of  water  present  should  be  deepened  or  widened. 
Swaiiq>  conditions  are  a  menace  to  health,  breeding  mosquitoes  and  their  at- 
tending diseases.  It  often  pays  to  drain  lowlands  where  water  stagnates,  from 
the  standpoint  of  health  and  comfort  alone,  when  they  are  worthless  for  any 
agricultural  purpose. 

The  Value  of  Drainage 

Good  drainage  not  only  removes  surplus  water  but  actually  helps  to  store 
moisture  against  dry  weather.  When  soil  is  choked  with  water,  deep  rooting 
of  plants  or  trees  is  impossible,  and  the  soil  processes  which  make  available  the 
plant  food  are  hindered  or  altogether  prevented.  It  is  the  absence  of  air  al- 
most as  much  as  the  presence  of  the  water  that  does  the  damage.  The  better 
land  is  drained  to  a  proper  depth  in  each  case,  the  finer  and  more  mellow  and 
crumbling  it  will  be,  and  the  more  of  useful  moisture  it  will  hold  in  the  summer. 

Swamp  land  usually  is  very  fertile  when  the  excess  water  is  removed,  and  will 
grow  wonderful  crops.  It  contains  a  rich  supply  of  plant  food.  Such  land 
must  be  aerated — drained — and  limed  before  its  fertility  can  be  used. 

The  direct  loss  of  income  from  the  idle  acres  in  swamps  can  be  figured  by 
anyone.  But  this  is  not  the  only  loss.  There  is  the  decreased  net  profit  from 
other  land  that  is  farmed  under  the  same  ownership.  The  swamp  land  costs 
interest  on  its  purchase  price  and  taxes  every  year.  This  cost  must  be  paid 
by  the  productive  acres. 
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There  is  another  feature  of  the  matter  that  ordinarily  is  overlooked.  This 
is  the  black  eye  which  the  farm  is  given  by  a  ragged- looking  piece  of  swamp 
land  touching  the  clean  acres.  Whether  the  farm  is  on  the  market  or  is  to  be 
kept  as  a  home,  the  waste  lands  cut  down  its  value  and  damage  its  reputation 
among  all  who  see  it,  including  the  stranger  passing  by,  the  neighbors  over  the 
fences  and  the  man  who  lives  on  it. 

It  is  a  well-known  fact  that  malaria  disappears  when  mosquito  bites  are 
eliminated,  and  that  the  mosquitoes  can  be  eliminated  by  draining  the  swamps. 


The  eicaTatkm  done  by  a  uofle  line  of  chariei  of  exrioalTa  properly  placed  in  watenoaked  day 


In  the  lowland  sections  of  the  country  this  has  been  done  with  grext  succeu. 
Even  in  the  fiat  landc  joining  the  ocean  where  tide  water  sometimes  washes  in 
over  land  and  makes  ponds,  the  opening  cut  of  channels  has  drained  away  the 
water  and  killed  off  the  mosquitoes. 

Other  enemies  that  breed  and  lurk  in  swamps  are  weeds  and  predatory 
animals.  The  seed  weeds  in  the  swamps  pollute  all  the  surrounding  land,  and 
the  cleaning  up  of  the  swamp  is  a  favor  and  a  benefit  to  the  entire  neighborhood. 

Horses  and  cattle  often  get  mired  into  the  soft  mud  and  are  unable  to  get 
out  without  help.  They  may  stick  there  and  starve  if  not  discovered  and  pulled 
out,  or  they  may  break  a  leg,  or  sprain  themselves  in  their  struggles. 

One  of  the  meanest  things  a  fanner  has  to  do  is  to  haul  loads  of  hay,  grain, 
manure  or  fertilizer  through  a  swampy  place  in  the  field.  The  remedy  is  to 
open  a  ditch  through  the  center,  after  which  the  s<^  ground  will  harden  up 
and  the  ditch  can  be  bridged. 

But  not  all  wet  land  should  be  or  can  be  drained.  In  general  whether 
it  will  pay  to  drain  or  not  will  depend  on  how  cheaply  the  job  can  be  done, 
though  this  is  such  an  indefinite  rule  that  it  is  not  of  much  value.  Many  a 
drainage  job  that  can  be  done  for  $50  to  $75  will  add  $100  to  $200  to  the 
value  of  a  property.  From  a  financial  standpoint,  a  man  is  not  justified  in 
spending  more  money  than  the  crops  that  can  be  grown  will  return  in  a  reason- 
able number  of  years,  though  other  considerations  may  make  it  wise  to  spend 
more. 

The  Essentials  of  Successful  Ditching 

It  is  well  to  have  a  clear  idea  of  what  to  require  of  a  ditch  before  attempt- 
ing to  complete  the  plans  for  it. 

The  successful  drainage  ditch 
should  be  straight,  to  give  an  even, 
swift  flow  of  water  without  cutting 
out  the  banks  or  filling  up  the 
bottom.  Its  sides  and  bottom 
should  be  smooth  and  true,  both  to 
facilitate  the  flow  and  for  appear- 
ance. It  must  be  deep  enough  to 
put  the  water-table  at  a  proper 
level.  It  must  be  wide  enough  to 
give  the  capacity  required  by  the 
volume  of  water  to  be  carried  in 
flood  times.  The  grade,  of  course, 
must  be  enough  to  carry  the  water 
away  and  to  make  the  drainage 
action  sure. 

The  excavated  materia!  ought 
to  be  well  scattered  and  spread 
evenly  over  the  surrounding  land, 
without  leaving  a  ridge  or  dyke 
along  the  sides  of  the  ditch.  When 
this  material  is  piled  up  along  the 

ditch  it  takes  up  ground  space  and  Oneof  tbe  beat  damoutnCiou  ol  ihe  valni  tnd 

acts  as  a  dam  for  surface  water  JhiJSTdtooih'SflSSli'^iSd'w'^SlJrt^til^^ 
and  compacts  the  subsoil  beneath      ■■  "^i  vicvat  show,   oot  nun  can  do  oie  woik  m 

...  T  ,  .  ,  .  11.  •  coopl*  of  boum.    Tbe  eipeus  li  not  In  be  com- 

by  its  weight,  making  the  drainage  puisd  to  the  coat  of  catnat  tb*  mib>  ditch  bj  piow- 
of  the  fields  much  slower.    Finally.      "*■  "^  •^""^^  "  -»^^^'  '?^  Cr«k.  p*.) 


the  ditch  in  respect  to  coit,  time  and  men  needed  for  constniction,  must  come 
within  the  available  limits.  The  cost  must  be  low,  the  time  of  constniction 
short,  the  men  required  few.  and  the  work  not  unreasonably  hard.  Frequently 
if  the  ditching  is  to  be  done  at  alt  it  must  be  by  only  two  or  three  men  in  what 
practically  amounts  to  spare  time. 


ldlBCl«.     It 

—  , — J _, DC  wben«T«r 

poMiUa.     (Cbntst  Co.,  Fa.) 

There  of  course  are  many  large  agricultural,  road,  lumbering  and  other 
enterprises  to  which  these  remarks  do  not  apply,  because  the  ditching  must  be 
done  and  men  are  hired  for  the  purpose.  The  managers  of  such  propositions 
arc  fortunate  in  having  eliminated  for  them  one  of  the  chief  dilHiculties  of 
farmers. 

Ditches,  canals  and  other  such  excavations  not  intended  for  drainage  do 
not  differ  much  in  requirements  from  drainage  projects.  Cost,  time  and  labor 
required  always  are  the  important  considerations. 

Nature  of  the  Ground 

The  reasons  why  land  is  wet  are  few.  There  may  be  a  layer  of  ground  a 
few  inches  or  a  few  feet  under  the  surface,  holding  the  water  from  escaping 
downward.  The  topsoil  itself  may  be  of  such  a  nature  as  to  prevent  water  from 
percolating  through  it.  The  water  may  keep  rising  from  springs,  producing 
the  condition  called  seepage  or  spouty  land.  Again,  the  water-table,  or  height 
of  the  surface  of  a  nearby  large  stream  or  lake  or  bay,  may  be  nearly  up  to 
the  surface  of  the  ground,  or  the  stream  or  ditch  carrying  away  the  water  may 
be  too  small  or  too  high  at  its  mouth. 

The  nature  of  the  ground  must  be  considered  in  deciding  on  the  method 
oi  ditching.  Sand,  for  instance,  is  easiest  to  handle  by  some  methods,  and 
hardest  by  others.  Dry  ground  handles  cheapest  in  some  ways  and  most 
expensively  in  others.  In  ditching  you  are  likely  to  encounter  hardpan,  gravel 
of  all  sizes,  both  loose  and  in  solid  beds,  and  every  kind  of  mixture  of  these 
materials.  Each  of  these  conditions  calls  for  its  own  sort  of  treatment. 
10 


A  ditch  bluted  tlirDDfh  t«t  di;  (round  witboat  aor  aide  cDttinc.  Yhe  rsnilt  u  not  BlUigcther 
atu,  liDCt  Iba  iiuTaliim  u  rsdoced  In  unounC  and  ii  lacomplate,  ind  the  coti  ia  hifh.  The 
la  coane  landy  loaai  wltb  much  day  Iwacalh.  The  blaatint  woold  liaT«  bean  much  mora  tBC- 
fiil  U  tli«  pound  had  baan  lull  of  waMr  and  the  aldat  c4  ma  dltcb  cnl  batore  the  blaitinf  waa 


HeavT  charafaic  and  ahilUui  manafaniaor  will  blaat  out  a  vary  good  ditch  through  aitramaly  dif- 
flcoll  (TDuDd.  Heie  Iba  loil  was  mailed  with  iraao  loala.  Soma  of  them  are  lad  piojaeling  Into  tha 
dltcb,  but  moat  of  them  are  broken  off  and  Ifacgwn  out  Tha  eicaiation  of  earth  waa  Tary  compiata, 
owhi(  to  Ita  oalcraoaked  conditign.    (Caortia,) 


Choosing  a  Method  of  Draining 

The  methods  that  are  available  for  making  ditches  are: 
Shoveling  by  hand, 
Plowing, 

Trenching  with  machine  equipped  for  excavating. 

Blasting. 

Each  method  has  its  place.     In  choosing  a  method  many  considerations 

enter  into  a  wise  decision.    The  purpose  for  which  the  ditch  is  made — whether 

open  ditch  or  underdrain,  canal  for  water  or  boaU.  and  the  like,  must  determine 

the  character  of  the  ditch.    The  kind  of  soil,  the  size  of  the  ditch,  the  amount 


. , lei  and  brush.    Such  inafularitu* 

.  ..-  A  dlndmitaf«  ercept  in  appaaruice  hi  ■  ditch  when  the  flow  oF  w^tBi 
i>  uHTj  uiu  •wui.  Dui  whcD  the  Tolnme  ol  viler  ii  null  lod  the  foil  Blifbl  the  edfM  (hould  be 
imoolh  and  itnitbt. 

and  kind  of  obstructions,  the  time  available  before  the  job  must  be  finished,  the 
men  that  can  be  put  on  the  job,  the  capital  available  for  labor  and  equipment,  the 
source  of  the  water  to  be  drained  away,  the  height  of  the  water-table,  the  use  of 
the  land  to  be  drained,  the  amount  of  water  to  be  carried  and  the  fail  of  the  land 
— all  these  factors  have  a  bearing  on  the  selection  of  the  method  of  making  a 
ditch. 

Tile  Drains 

No  open  ditch  through  cultivated  land  should  be  considered  when 
conditions  are  such  as  to  make  underdrains  better,  and  when  money  is  avail- 
able for  constructing  them. 

But  in  a  great  many  places  the  nature  of  the  ground  or  water  (low  is  such 
as  to  require  open  ditches.  In  other  places  they  are  just  as  good  as  closed 
drains.  For  instance,  through  pasture  land  and  woods  an  open  ditch  will  do 
just  as  well  as  an  underdrain  and  better  where  there  is  a  sprinp  or  brook 
which  overflows  at  times.    In  muck  land  closed  drains  are  not  practicable. 

Ditchesforimmediatelayingof  tile  cannot  be  blasted  out  with  satisfacticn: 
the  bottoms  are  left  too  soft  to  hold  the  pipe  properly.    If  fu.  ds  for  tile  drain- 
ing are  not  available  immediately,  an  open  ditch  can  be  made  by  blasting 
¥rhich,  after  s  couple  of  years,  will  be  entirely  satisfactory  for  tiling,  though 
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PropM  bltBtiiit  will  opsn  ■  chuuiel  Ououih  thick  bnuh  and  (nas,  thoofb  tucb  a  dileh  wiU  nut 
meanin  Dculr  in  much  in  the  dear  u  thoajh  the  land  wat  cImu  asd  free  ffom  roots.  Vdu  can  blail 
duonela  for  boata  oi  for  draiiuge  through  a  nuiah  whera  the  [rouDd  fa  undar  water.     (Eentuc^.} 

the  earth  required  to  refill  the  ditch  will  be  scattered  widely.  Light  blasting 
very  often  is  desirable,  however,  to  loosen  hard  ground  in  order  to  make  dig- 
ging of  tile  ditches  by  other  methods  easier. 

Open  Ditches 
Large  ditches  and  canals,  15  feet  wide  or  more,  and  miles  in  length,  often 
justify  the  use  of  a  floating  dredge.  Those  who  are  interested  in  methods  of 
trenching  for  underdrains,  and  in  excavating  machinery,  floating  dredges, 
ditching  plows  and  the  like,  should  get  Farmers'  Bulletin  698  of  the  U.  S. 
Department  of  Agriculture.    It  goes  into  the  subject  in  detail. 


eatitel;  ancceaaful  dllch  blaaled  ihrou(h  hearr,  thick  muc 
:  lurface  of  the  (nnuid.  The  loil  is  not  thin  enough  to  I 
>e  blaatint  ia  i(  ita  best.    (In  Kowachitlo  Svamjia,  Adami 


When  many  stones,  roots  and 
stumps  are  present,  a  dre(]ge,  or  in 
fact  any  excavating  machinery, 
cannot  be  used  to  advantage  or  at 
all.  Ditches  less  than  2  feet  deep 
can  be  plowed  out  cheaply,  using 
two  or  four  horses  hitched  by  means 
of  a  chain  to  a  plow  of  some  kind. 
Another  implement  that  is  effec- 
tive for  making  very  shallow 
ditches  is  a  scraper,  either  with 
or  without  wheels.  A  road  machine 
or  scraper  is  about  as  good  as  any. 
The  trouble  with  them  is  that  they 
will  work  little  more  than  to  a 
depth  of  a  foot.  They  also  are 
expensive.  Their  advantages  are 
tfiat  they  scrape  the  dirt  well  back 
from  the  edge  of  the  ditches  and 
make  an  even,  clean-looking  job  by 
machinery  instead  of  by  hand. 
When  tile  is  to  be  laid  in  hand- 
. .      dug  trenches,  begin  the  spade  work 

I  m  aone  py  Dvioni  m  Nina,    imfl  big      ■        ,       ,  r  r  r 

la  with  eipioBini  Dsu  Pinaiiu,  Florid*,     m  the  bottom  oT  a  plow  hirrow. 
ihiiiliiliiiiwSwbSit^t^Sh^HSi^'c^-     By  running  the  plow  twice  in  the 

ml  sud  el«tHe  fliioi  were  required  here.  sjn,^   pljCg  yog  can  ^akc  the  fur- 

row  nearly  12  inches  deep. 
Blasting  of  ditches  is  discussed  under  a  separate  heading. 

Possibilities  and  Limits  of  Blasting 
The  blasting  method  can  be  used  for  making  almost  any  open  ditches. 
A  blasted  ditch  made  with  one  line  of  charges  usually  is  about  twice  as  wide 


ji  be  done  by  btuUnt  in 


Btutinc  makea  tbe  deuest  and  ■miwlheit  job  In  sindr  lum  that  it  laturated  with  water  nearly 
the  miface.  HoM  ho*  clMinlir  (he  edgee  at  thia  dilcb  are  cul.  Alio  sola  that  do  eiuvated  e«cth 
la  IhrowB  (0  Uw  rlfhl  ol  tha  ditch,  in  Uie  picnm.    A  itnnif  wind  caniad  it  all  oTer  to  lb*  Ml  aid*. 


at  the  top  ai  it  it  deep.  The  sides  and  bottom  are  fairly  even.  The  dirt  is 
spread  out  widely  wiUiout  leaving  ridges  down  the  sides.  Ditches  can  be 
blasted  successfully  in  clay,  loams,  gravel,  thick  muck,  peat,  and,  in  fact,  every 
sort  of  earth  except  very  thin  muck  and  dry  sand.  Ditches  can  be  blasted 
through  sand  when  saturated  with  water. 

It  is  easier  to  state  the  limitations  of  the  blasting  method  than  its  possi- 
bilities. As  stated  above,  you  cannot  blast  ditches  through  dry  sand.  Thin 
muck  runs  into  the  excavated  channels.  In  any  ground  where  there  are  many 
roots  of  trees  or  brush,  the  sides  of  the  blasted  ditch  will  be  ragged  unless  the 
roots  are  cut  beforehand  along  the  sides.  In  blasting  through  heavy  sod,  the 
sod  sometimes  folds  back  without  tearing  loose,  or  else  simply  flops  back  down 
into  the  ditch  —unless  the  edges  are  cut  before  the  blast. 

These  are  the  limitations  of  blasting,  and  there  is  a  way  to  overcome  each 
of  them  except  that  of  thin  muck.  The  fact  is  that  the  way  explosives  will 
cut  out  a  narrow  channel  is  really  wonderful.  Those  who  have  not  seen  the 
blasting  of  a  ditch  can  have  no  idea  of  the  efiiciency  of  the  work  of  explosives 
for  this  purpose  or  of  the  clean  and  finished  job  they  do. 

Explosives  work  to  the  best  advantage  when  the  ground  is  wet — in  fact 
in  thin  mud.  It  takes  less  explosive  to  throw  out  a  required  sized  ditch,  or  the 
same  amount  of  explosive  will  make  a  bigger  ditch,  when  the  ground  is  thoroughly 


ditch  moTcd  in  a  little,  but  atepped  u  tbt  witei  left  them  nod  they  dried  ■  little, 

tOecliTe  in  mack,  lo  long  as  the  matenal  ia  not  to  thin  that  it  morte  in  *nd  cloiei 

Uttc.     (Gilliatd'g  LtJit  outlet  (o  Miseisiippi  BiTcr,  throufh  Howachitta  Swamp,  Adama  (.0.,  niaa.) 

wet  than  when  it  is  only  damp  or  is  dry.  The  blasting  may  be  done  with  per- 
fect satisfaction  through  ground  that  is  so  soft  that  there  is  no  footing  for 
horses  and  no  support  for  wheels.  In  fact,  it  can  be  done  when  the  surface 
of  the  ground  is  under  water. 

Excessively  soft  ground,  stones,  stumps  and  roots  are  the  things  that 
make  ditching  by  hand  or  by  machinery  costly  and  difficult,  if  not  impossible. 
But  they  interfere  with  blasting  very  little  and  raise  the  cost  only  slightly. 
Blasting  of  ditches  can  be  done  in  dry  ground  of  a  heavy  nature.  The  general 
rule  is  that  the  wetter  the  soil,  down  to  the  thin  muck  stage,  the  better  and 
cheaper  the  blasted  ditch. 
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The  cost  of  digging  by  hand  in  connection  with  plowing  and  scraping,  in 
any  ditches  more  than  2  feet  deep,  is  upwards  of  25  cents  per  cubic  yard,  on  a 
basis  of  $1.50  per  day  labor.  The  cost  of  blasting  will  range  from  6  to  16  cents 
per  cubic  yard,  depending  on  the  nature  of  the  soil,  its  condition  at  the  time 
and  the  skill  of  the  blaster.  This  comparison  in  itself  is  enough  to  demonstrate 
the  efficiency  of  the  blasting  method. 


-  _  ....  Bfaows,  iiroTidvd  the 
ii  busbieH  well- 
About  the  smallest  ditch  it  is  worth  while  to  blast  is  I  yi  feet  deep  and 
3>^  feet  wide.  Frcm  this  size  up  to  6  or  8  feet  deep  and  18  or  more  feet  wide  the 
use  of  explosives  has  advantages  over  almost  any  other  method  under 
favorable  conditions.  But  in  general  the  efficiency  of  the  blasting  method 
falls  off  after  the  depth  is  greater  than  6  feet  and  the  width  greater  than  18 
feet.  For  long  ditches  a  Boating  dredge  will  be  economical.  Small  ponds  may 
be  dug  by  blasting. 

In  blasting  ditches  two  or  three  men  can  do  the  work  of  a  great  many. 
They  can  accomplish  in  a  day  or  two  what  would  take  them  months  to  do 
by  hand. 

Laying  Out  the  Ditch 

The  size  or  capacity  of  ditch  required,  the  grades,  the  depth  and  the  lines 
should  receive  careful  attention.  When  there  is  considerable  length  of  ditch 
or  considerable  acreage  to  be  drained  it  is  wise  to  employ  a  drainage  engineer 
or  a  professional  surveyor  in  getting  the  grades  and  in  determining  capacity. 
Except  in  very  large  operations  the  matter  of  depth  and  location  of  the  lines 
of  drains  is  largely  one  for  farmers  themselves  to  decide,  because  they  know 
the  requirements  of  the  different  soils  and  of  farm  operations,  as  well  as 
have  had   the   chance  c^  observing  the  flow  of  flood  water. 

The  eye  is  not  to  be  depended  on  in  determining  the  fall  of  a  piece  of  land 
that  is  nearly  flat.  Use  a  level.  One  way  of  using  it  is  to  drive  a  post  at  the 
upper  side  and  fasten  to  this,  by  nailing  or  bolting,  a  crosspiece  with  a  straight 
edge  up.  Then  lay  a  level  on  the  straight  edge  and  make  it  absolutely  level.  . 
The  crosspiMA-ikauld  point  directly  toward  the  lower  side  of  the  piece  of  land 
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to  be  drained,  where  a  helper  must  stand,  holding  a  marlcer  which  he  raises  or 
lowers  on  a  pole.  Sight  over  the  straight  edge  and  have  him  elevate  the  marker 
till  it  is  on  a  true  level  with  your  crosspiece.  The  diflercnce  between  your  dis- 
tance down  to  normal  ground  surface  or  nonnal  water  surface,  and  his,  will  be 
the  fall. 

An  "A"  frame  or  any  other  support  for  the  level  will  do  if  it  will  hold  the 
level  steady.  For  about  60  cents,  sights  for  attaching  to  the  level  can  be  bought 
of  almost  any  hardware  store.  Ask  for  Stanley  level  sights.  They  are  as  ac- 
curate as  rifle  sights.   Tripods  for  holding  the  level  also  are  made  by  the  Stanley 


ce  of  the  ■peed  mid  elBciencj  of  the  Mudof  of  dlEebet.    Three  n 
e  ihows— 1000  fee-'  '    " 
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firm  and  cost  about  $2.50  at  most  hardware  stores.  The  plain  level  is  not  very 
accurate.  If  you  do  not  use  sights,  repeat  the  sighting  two  or  three  times  to 
make  certain  of  the  finding. 

Another  rehable  way  of  getting  a  grade  is  to  use  water  in  a  hose.  Use  a 
length  of  20  to  50  feet  of  hose.  Turn  up  the  ends  for  6  or  8  inches  and  tie 
them  up.  It  is  well  to  insert  in  these  ends,  tubes  of  glass,  like  the  water-gauge 
glass  of  steam  engines.  Fill  the  hose  with  water  and  lay  it  on  the  ground  or 
in  bottom  of  ditch.  The  height  of  water  in  the  ends  will  show  the  level.  You 
can  use  this  device  round  bends  in  a  ditch. 

A  fall  of  one  inch  to  each  hundred  feet  is  enough  to  carry  off  excess  water 

from    a    field 

in  most  cases. 

Grade,  Fall  and      This  is  for 

Line  of  Ditch  straight 

ditches.  If  the 

ditch   line   is 

to  swing  here  and  there,  an  inch 

of  fall  is  hardly  a  sufficient  allow- 

The  appearance  of  grade  is 
deceiving.  Few  pieces  of  ground 
are  so  flat  they  carmot  be  drained. 
Watch  the  land  when  it  is  flooded 
and  the  water  is  going  down.  Set 
some  stakes  then  to  indicate  its 
level  and  its  channels.  If  a  small 
stream  flows  through  the  land,  the 
line  of  sight  should  not  follow  its 
wandering  course.  The  total  fait 
should  be  determined  from  just  two 
positions— one  where  the  stream 
enters  and  one  where  it  leaves. 

The  flow  of  the  flood  water  is 

a  good  guide  in  locating  the  proper 
line  for  a  ditch.  This  is  the  nat- 
ural line  of  drainage.     If  nothing 

else  interferes,  place  the  ditch  in 

this  position.  The  idea  is  to  have 
it  near  as  possible  to  a  straight  line  and  as  short  as  possible.  But  avoid  cutting 
fields  with  open  ditches  when  possible. 

The  one  important  factor  to  consider  in  determining  how  deep  a  ditch 

should  be  is  the  proper  height  of  the  water-table  in  the  ground.    This  is  the 

level  of  the  water  that  will  stand  in  a  well  or  hole  dug  in  the 

wettest  part  of  the  field.    The  water  should  be  at  least  4  or 

Determining      5  feet  below  the  surface  in  ordinary  heavy  loam  or  clay,  and 

Dibji  Depth      I  to  ]J4  feet  in  muck. 

The  deeper  a  ditch  is  the  farther  and  more  thoroughly  it 
will  drain  land.  Your  calculations  as  to  how  far  you  can  rely 
on  one  ditch  to  gather  water  and  to  effect  the  drainage  of  ground  must  be  based 
on  this  matter  of  the  depth  of  the  ditch.  The  nature  of  the  ground  has  a  good 
deal  to  do  with  it,  particularly  with  the  rapidity  of  the  drainage.  A  loose, 
open  gravel  will  drain  out  nicely  in  a  few  days,  and  a  tight  stiff  clay  will  take 
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weeks.    Naturally  the  ditches  should  be  closer  together  in  the  clay  than  in  the 
gravel.    Other  soils  can  be  judged  frcm  these. 

The  depth  must  not  be  more  than  the  water-level  at  the  mouth  of  the 
ditch  or  drain.  This  is  a  governing 
factor  in  many  places.  When  a 
ditch  empties  in  a  stream  you  often 
can  carry  the  channel  farther  down 
and  secure  a  lower  level  if  it  ii 
needed;  or  the  stream  itself  may 
be  deepened. 

The  water  carrying  capacity  of 
a  ditch  is  most  largely  governed 

by  its  width. 

Ctftenthenar- 
Detennining  rowest   ditch 

Width  of  Ditch        that   can   be 

made   will 

have  more 
capacity  than  is  needed  to  carry  all 
the  water  there  is.  The  bottom 
should  not  be  wide,  but  should  be 
narrow,  almost  like  a  broad  V, 
because  the  amount  of  water  to  be 
carried  at  low  water  stage  is  small 
and  it  should  be  confined  closer  to 
make  it  flow  better.     In  flood  times 

the  water  will   rise  higher  and  will  TWa  ditcb  la  5  feet  wide  and  3  feet  deep.    II 
t,-  .  UrnikAf-r  ittr<>am                                *""  bUated  out  witb  one  low  of  cbanes  placed  IB 

make  a  Droaaer  siream.  .^^^^  ^p^_  ^^  ^^^  ewuiaun.  of  one  .tick  of 

where  large  swamps  are  to  be       powder.    About  100  feet  of  the  dltdi  waa  eicanted 

drained,  or  tfic  flow  from  larger     "  "**  *''''°»""- 

springs  is  to  be  carried  away,  a  ditch  of  minimum  width  sometimes  is  not  big 


enough.  If  you  can  calculate  Uie  volume  of  water  to  lie  carried  away,  yoii 
then  can  figure  the  correct  width  for  your  ditch.  Measure  the  flow  per  minute 
in  cubic  feet  at  some  outlet.  Or  measure  the  amount  of  standing  water  by 
getting  its  depth  and  extent.  Provide  ditch  enough  to  pass  the  volume 
present  in  the  required  time.    In  any  case  the  ditch  should  be  big  enough  to 

•  clear  away  the  water  of  a  2  or  3  days'  rain  shortly  after  it  stops  coming  down, 
and  to  taJce  care  of  spring  floods. 

How  to  Make  Ditches  by  Blasting 

Ditches  are  blasted  by  loading 
suitable  charges  in  holes  made  in  a 
rowortine.  Elach 
charge  erf  explo- 
Description  of      sive    properly 
Bl&sted  Ditcti      placed  for  ditch 
blasting    will 
blow  out,  rough- 
ly stated,  a  crater  which  is  half  to 
three-quarters  as  deep  as  it  is  wide. 
Nearly  all  the  dirt  is  thrown  out. 
Most  of  it  is  lifted  to  a  height  of 
about  200  feet  in  the  air,  requiring 
some  seconds  before  it  returns  to 
the  groimd. 

The  sides  and  bottom  of 
blasted  ditches  have  6  to  12  inches 
of  loose  dirt,  which  can  be  left 
where  it  is  if  the  ditch  is  big  enough 
in  the  clear,  or  can  be  taken  out 
easily  and  cheaply  by  shoveling  or 
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with  light  horse  scrapen  if  a  larger  ditch  ii  wanted.     Good  blasting  practice 
will  so  load  the  charges  that  the  ditch  as  cleaned  out  by  the  blast  will  be  big 
enough  in  the  clear  and  Mrill  require  very  little,  if  any,  hand  finishing. 
Firing  Charges 

One  of  the  first  things  that  must  be  considered  when  planning  to  make  a 
ditch  by  blasting  is  the  method  of  firing  the  charges  of  explosive.  Most  of  the 
rest  of  the  operation  hinges  on  the  firing  so  much  that  this  matter  must  be  de- 
termined before  even  buying  the  explosive. 

The  standard  practice  is  to  fire  all  charges  electrically,  as  will  be  described 
inunediately  following.  This  method  is  sure  in  results  under  any  conditioiu. 
Ordinary  cap-and-fuse  firing  cannot  be  used  successfully  in  ditching,  except  by 
the  transmitted  detonation  method  in  which  the  center  charge  only  is  set  o^ 
by  a  cap,  the  rest  being  fired  by  shock  transmitted  through  the  ground.  This 
method  is  fully  explained  on  pages  22  to  25. 

General  Mdhod  of  Firing 

Ditches  can  be  blasted  through  any  sort  of  ground  except  dry  sartd  when 
the  charges  are  fired  in  this  way.    The  procedure  is  as  follows: 

The  charges  are  prepared  for  loading,  with  electric  blasting  caps,  in  the 
manner  described  on  pages  34  to  38.  Prime  each  charge.  Holes  are  made  in 
the  ground  on  the  ditch  line  and  the  charges  are  loaded  as  described  in  follow- 


TypiuUloadluiof  ditcbbbulfor  smicht  •IsctriciilBriiitof  ■Uchu'iMfDilli'iT'dJIdi. 

The  holes  or  charges  should  be  spaced  30  to  40  inches,  and  where  very 
heavy  charges  are  used,  as  much  as  50  or  60  inches  apart.  They  must 
be  close  enough  together  so  that  al!  the  earth  between  each  two  will  be  thrown 
out  clean,  leaving  no  ridges  in  the  bottom  of  ditch.  Thirty  inches  ought  to  be 
close  enough  under  any  conditions  of  soil  and  size  of  charge.  The  only  way  of 
determining  definitely  just  how  far  apart  the  charges  should  be  is  to  make  test 
shots,  as  suggested  on  page  3 1 ,  in  the  discussion  of  amount  of  explosive  required 
fpr  charges.  As  many  charges  should  be  loaded  as  your  electric  current  can 
fire. 

The  actual  firing  is  done  by  connecting  the  wires  of  all  the  charges  and  send- 
ing an  electric  current  through  them.  An  electric  blasting  macluneshould  be  used 
to  supply  current,  though  power  or  light  current  can  be  used.  A  full  discussion 
of  the  details  of  how  to  connect  wires  and  to  fire,  is  contained  in  the  special 
chapter  on  the  subject  in  the  latter  part  of  this  bulletin. 

You  can  fire  as  many  charges  as  your  blasting  machine  will  handle.    The 
machines  are  made  in  different  sizes,  to  fire  3  to  150  charges  at  once.    Procure 
a  large  machine  if  you  have  miles  of  ditch  to  blast,  but  if  you  have  only  a  few 
hundred  yards,  a  30-charge  machine  is  big  enough. 
21 


The  proper  expletive  for  blasting  ditches  by  this  method  depends 
somewhat  on  the  soil.  In  all  clay  and  heavy  soils  use  20%  ammonia  powder 
or  dynamite,  and  for  large  ditches  use  30%  or  40%  ammonia  powder  or  dyna- 
mite except  when  the  work  is  under  water.  (See  page  46.)  In  blasting  ditches 
in  wet  sand  or  other  light  ground  use  50%  nitroglycerin  dynamite  or  powder. 
Where  charges  must  remain  under  water  more  than  half  an  hour,  use  nitro- 
glycerin exploiivei  only,  for  ammonia  explosives  will  deteriorate  if  soaked  for 
excessive  periods  of  time.  It  is  well  to  use  a  low-freezing  grade  of  the  explo- 
sive at  any  time  of  the  year,  since  this  guards  against  incidental  chilling,  and 
since  the  cap  is  strong  enough  to  detonate  all  grades  fully. 

Electric  blasting  caps,  connecting  wire,  leading  wire  and  blasting  machine 
with  the  other  tools  needed  for  loading,  are  the  supplies  demanded  for  ditch 
blasting  by  this  method. 

Depth  for  holes,  amount  of  explosive  per  charge  and  many  other  details 
<rf  the  loading  are  discussed  on  pages  28  and  30. 
Trammitied  Firing 

When  the  ditch  is  to  be  blasted  through  ground  that  is  saturated  with 
water,  the  method  of  transmitted  firing  often  can  be  used  to  advantage.  In 
order  to  insure  its  complete  and  unquestioned  success,  the  water  must  cover 
the  charges  and  had  better  rise  in  the  holes  nearly  to  the  surface  of  the  ground. 

Under  such  conditions  transmitted  detonation  can  be  expected  to  succeed 
even  in  sandy  ground  and  gravel.  It  is  in  muck  and  clay  fully  saturated  with 
water  that  the  method  is  most  successful. 


Showisf  tjrptcal  lotdlnc  of  tnonmlled  detoulioil  dEtch  bUtt— fuie  fliiof-for  3j^- 1 T  dllch. 

Transmitted  firing  is  made  possible  by  the  fact  that  high  explosives  can 
be  fired  by  shock  (as  by  that  given  by  a  cap,  for  instance).  Under  the  conditions 
<A  soil  described  above  and  of  proper  loading,  the  shock  of  the  explosion  of  one 
charge  will  travel  through  the  ground  and  water  with  enough  force  to  fire  the 
next  charge,  and  so  on  down  the  line.  So  rapidly  does  this  take  place  that  in 
a  line  of  charges  hundreds  of  feet  long  you  cannot  see  any  difference  in  time 
between  the  middle  and  end  explosions. 

If  sticks  of  explosive  are  laid  on  a  plank  a  foot  apart  and  one  of  them  is 
lired  with  a  cap  and  fuse  or  otherwise,  the  others  likely  will  be  exploded  by  the 
influence  projected  through  the  air.    In  actual  ditching  work  the  shock  <j  one 


chai^  cannot  b«  depended  on  to  travel  through  the  ground  strongly  enough 
to  bring  about  full  and  complete  detonation  more  than  a  couple  of  feet. 

The  usual  distance  apart  that  is  best  for  charges  to  be  fired  by  transmitted 
detonation  is  15  to  20  inches.  The  exact  distance  in  any  particular  soil  at  any 
time  must  be  determined  by  test  shots.  Try  a  shot  of  8  or  10  charges,  (of  the 
amount  of  powder  and  at  the  depth  of  loading  required,  as  explained  on  pages 
30  and  31)  spaced  12.  15.  18.  20,  22.  and  26  inches  apart. 

Careful  observation  of  the  blast  resulting  will  show  the  point  beyond  which 
charges  fail  to  explode  or  explode  weakly.    The  cor- 
rect spacmg  of  charges,  to  insure  full  detonation,  will 
Spacing  of  Charges     be  about  two-thirds  of  this  limit. 

One  charge  may  (ire  another  at  a  greater  dis- 
tance than  is  economical,  because  it  merely  may  ex- 
plode it  weakly,  without  developing  anything  like  the  full  force  and  speed. 
And  on  top  of  that,  each  weaker  explosion  sends  a  still  weaker  one  on  to  the 
next  charge,  till  a  point  is  reached  a  few  charges  away  where  the  shock  trans- 
mitted is  not  enough  to  bring  about  firing  at  all. 

This  weakening  of  the  transmitted  shock  is  important,  because  the  strength 
of  an  explosion  of  powder  or  dynamite  depends  on  the  severity  of  the  shock 
which  fires  it.  For  illustration,  and  not  that  these  figures  bear  any  relation  to 
the  true  amount  of  force,  if  the  first  charge,  the  one  fired  with  a  cap.  gives 
off  10  pounds  of  energy  in  the  form  of  a  shock,  and  this  10  pounds  is  dimini^ed 
to  8  pounds  by  the  time  it  reaches  the  next  charge,  this  second  charge  will 
not  detonate  with  quite  10  pounds  of  shock  energy.  It  may  have  only  9  or  8. 
And  in  turn,  the  shock  energy  from  it  will  be  diminished  to  6  or  7  on  reaching 
the  third  charge.  If  the  particular  kind  of  explosive  used  requires  a  full  6  pounds 
of  shock  to  detonate  it  completely,  the  transmitted  method  of  firing  is  going  to 
fail.  Even  of  those  charges  which  do  explode,  half  will  give  much  less  than 
their  full  force. 

Water  is  not  elastic,  but  air  is,  and  dry  soil  is  and  absorbs  shock  because 
it  contains  a  good  deal  of  air.    The  gases  of  an  explosion  drive  water-soaked 
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ground  as  a  steel  rod  can  be  driven  by  a  banuner.  In  it  there  is  but  little 
"give,"  hence  the  shock  travels  with  a  minimum  of  loss  in  force.  In  dry 
ground  the  air  cushions  the  blow  of  the  gases  and  eases  them  to  a  standstill 
within  a  short  distance.  Clay  is  more  solid  than  sand,  which  fact  explain* 
why  transmitted  detonation  works  better  in  heavy  soils  than  in  light  ones. 

The  nature  of  the  ground  and  the  amount  of  water  present  therefore 
largely  govern  the  spacing  of  charges,  though  a  large  charge  of  course  wilt  throw 
a  shock  slightly  farther  than  a  small  one. 

As  will  be  seen  from  foregoing  named  facts,  the  effects  of  lack  of  water 
and  of  light,  spongy  or  sandy  ground,  can  be  counteracted  somewhat  by  set- 
ting charges  closer  together.  When  necessary  it  is  practicable  to  put  them 
only  a  foot  apart.  To  put  them  closer,  however,  is  not  practicable,  for  it  costs 
too  much.  On  the  other  hand,  when  the  charges  are  heavier  than  ordinary — 
say  of  two  sticks  or  more — in  wet,  heavy  ground,  they  may  be  spaced  up  to 
26  inches  apart  with  satisfaction. 

Temperature  influences  transmitted  detonation  only  by  reason  of  the  fact 
that  explosives  are  less  sensitive  to  shock,  and  harder  to  fire  when  cold  than 
when  warm.  All  grades  explode  easiest  when  at  a  tempera- 
ture of  70  to  80  degrees.  Straight  nitroglycerin  powder  or 
Temperature  dynamite  must  be  used  at  a  temperature  of  higher  than  50 
of  Ground  degrees.     It  is  not  well,  for  ntany  reasons,  to  attempt  to  lire 

too  many  charges  at  once.  Several  hundred  can  be  fired  suc- 
cessfully sometimes,  but  the  usual  limit  had  better  be  50  to  100. 

When  the  nature  of  the  ground,  amount  of  water  present  or  temperature  are 
not  of  the  best  for  securing  transmitted  detonation,  sometimes  matters  may  be 
helped  by  taking  advantage  of  the  fact  that  blasting  caps  are  much  more  sen- 
sitive to  shock  than  the  explosive  itself.  Place  a  common  blasting  cap,  without 
a  fuse,  but  with  the  open  end  filled  with  tailow,  every  25  to  50  feet.  These 
caps  may  help  to  restore  the  diminished  force  of  explosion,  making  satisfactory 
detonation  extend  much  farther  than  it  would  without  them. 
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Stones,  roots  and  old  logs  interfere  with  transmitted  detonation.  When 
these  are  located  in  the  line  of  the  ditch  it  is  necessary  to  fire  charges  on  both 
sides  of  them  as  at  the  beginning.  Pay  careful  attention  to  changes  in  soil  as 
you  work  along  the  ditch  line.  It  may  be  necessary  to  shorten  the  spacing, 
or,  again,  it  may  be  possible  to  lengthen  it  and  save  money. 

The  firing  oiF  the  line  of  charges  by  the  transmitted  detonaticn  method  is 
done  by  loading  the  required  number  of  charges  without  priming  or  with  caps  ^^ 

and  no  fuse  as  described  above,  all  exc^t  the  center  charge 
Prime  Center  of  the  row.  In  it  place  a  double  charge  of  explosive,  or  at 
Charge  least  an  extra  stick  of  explosive,  primed  with  cap  and  fuse  or 

with  electric  blasting  cap.    Fire  this  charge  in  the  usual  way. 
Sometimes  an  electric  blasting  cap  placed  at  each  end  as  well  as  at  the 
middle  of  the  line  will  fire  difficult  charges  successfully.     Once  in  a  while  the 
electric  blasting  caps  may  be  needed  even  closer — say  every  3  to  3  charges. 

The  proper  explosive  for  transmitted  firing  ditch  blast- 
The  Explosive  ing  is  nitroglycerin  dynamite  or  powder  of  50%  strength 
to  Use  — either  regular  or  low-freezing.     The  20%  strength  dyna- 

mites and  powders  recommended  for  electrical  firing  cannot 
be  used  at  all  under  this  method,  because  they  are  not  sensitive  enough. 

Summary  of  Firing  Fads 

Transmitted  firing  requires  only  the  explosive  itself,  and  a  cap  and  some 
fuse  for  each  couple  of  hundred  feet  of  ditch,  while  electrical  firing  requires 
wiring,  an  electric  blasting  cap  for  each  charge  and  a  blasting  machine  or  other 
source  of  current.  This  advantage  of  the  former  method  very  often  is  offset, 
however,  by  the  fact  that  it  requires  nearly  twice  as  many  holes  as  electric 
firing.  It  is  easier  to  load  two  sticks  in  one  hole  than  to  make  two  holes.  In 
addition,  electric  firing  always  can  be  depended  on  for  the  desired  results,  while 
transmitted  firing  will  succeed  only  when  the  ground  is  full  of  water.  As  for 
quantity  of  explosive  required  by  each  method  to  excavate  any  certain  ditch 
where  either  can  be  used:  In  theory  the  two  methods  require  about  the  same. 
In  practice,  however,  more  will  be  used  in  transmitted  firing,  unless  the  work  is 
done  very  skillfully.  The  saving  in  the  use  (tf  this  method  comes  largely  from 
a  saving  of  electric  blasting  caps  and  time,  and  the  need  for  little  equipment. 

Preparation  of  Ground  and  Loading 

During  the  early  days  of  ditch  blasting,  before  experiments  had  standard- 
ized practices,  much  objection  was  taken  to  the  ragged  edges  of  ditches  blasted 

through  sod  and  through  brush  and  woods.    The  sod  would 

not  tear  loose  and  fly  away  from  the  ditch.  It  would  either 
Cutting  Roots  fold  back  and  make  a  ridge  along  the  ditch,  or  it  would  flop 
and  Sod  back  into  the  ditch  after  the  dirt  beneath  had  blown  out. 

The  remedy  is  to  cut  the  sod  and  roots  along  the  edges  of 

ditch  before  blasting. 
When  there  is  sod,  two  furrows  should  be  plowed  along  the  ditch  line — 
one  at  each  edge.    Another  plan  is  to  cut  along  the  sides  of  the  ditch-to-be  with 
a  spade,  axe  or  hay  knife.      In  case  the  line  of  the  ditch  runs  past  trees,  or  ^ 

through  brush  or  forest  land,  the  roots  should  be  cut  on  both  sides  the  ditch. 
An  axe  is  needed  for  the  big  roots.  Where  there  are  many  roots  the  ground 
should  be  cut  18  inches  deep. 

Make  the  cut  at  the  angle  the  side  of  the  ditch  should  have,  say  about  43 
degrees.  The  blast  will  clean  out  the  dirt  to  the  cuts  and  will  leave  the  wall 
on  the  outside  firm  and  intact.    Cutting  the  edges  of  the  ditch  saves  trouble 
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and  work  after  bluting.    It  itmiret  that  the  udu  and  edge*  of  the  ditch  will 
be  as  straight  u  though  the  ditch  was  shoveled  by  hand  or  plowed.    But  it 
should   not   be   understood    that 
'    ditches  cannot  be  blasted  without 
I     cutting  theground.  Except  through 
extremely  heavy    sod   and   roots, 
exptoiivei  used  alone  will  clean  out 
good  channels  when  loading  and 
firing  are  done  properly.    The  cut- 
ting of  the  edges  simply  makes  a 
smoother,  more  complete  job. 

The  charges  should  be  placed 
along  the  center  line  of  the  pro- 
posed ditch,  except  where  the 
ground  is  harder, 
or  higher  at  one 
Locating  Line  side  than  at  the 
For  Holes  other,  when  they 

should  be  placed 
6  to   12   inches 
from  the  center  toward  that  side. 
71k  eye  is  not  capable  of  keeping 
the  line  of  charges  true.    Stretch  a 
string  where  they  should  go.     In 
making  the  holes  the  man  should 
t^blii^^^bSSS^'StimS^i^'^SSi     \>^«  »  measuring  stick  to  space 
th*  Mo.  Tba  aod  b«iu  kwM  in  iha  middi*  oi  ttw     them  accurately.     Cjuesswork  on 

ditch  add  titlMf  loldt  back  wiQMmt  '*■'<*'■  kM»«  or       .i  ■  ■    .   ■    |.|     i     .      i 

Ub  back  lota  it»  ditch  ■»«  tt»  diitb^d.  it  hu      this  pomt  is  likely  to  be  expensive. 

ixsr-":2d  s?''^s;sv^^'^*sna  .   ^^^^  ^«  ^^^^>  't^iB^t  down 

•hnala  or  bur-knifo,  or  ■!  laaal  by  plowins  fofrovi.       intO     the     ground.         I  he     practice 

(Viminta.)  y^  jjj  ^  j^  ^^^^  jfi^i^  ^j  ^  ^5 

degrees  slant,  but  this  offers  no  advantage  in  any  way. 

It  is  much  easier  to  make  holes  in  soggy  ground  than  in  dry  ground.  In 
fact,  it  is  almost  impossible  to  sledge  down  a  bar  in  some  dry  ground.  When 
there  are  no  stones,  a  soil  auger  often  is  c^  advantage,  though  the  bar  and  sledge 
are  hard  to  beat  for  speed  and  results.  The  only  modification  of  the  up-and- 
down  position  of  the  sticks  or  charges  that  is  desirable  is  when  you  are  deepen- 


Tniica]  loadlDf  for 


dllch  with  bottom  of  nod— •Itctilcal  ttiat  of  <:< 


ing  ditches  already  made,  with  bottoms  of  thin  mud  or  thick  muck.  In  such 
material  you  need  punch  no  holes.  Just  push  the  sticks  into  place  down  in 
the  mud  with  your  hand  and  place  them  in  a  horizontal  position  lengthways 
of  the  ditch. 
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If  you  have  a  windy  <lay  for 
the  blasting,  with  the  air  drawing 
strongly    across    the  line  of   the 

ditch,  you 

will  be  sur- 
Preventing  Dirt  prised  to  »ee 
Falling  into  Diteh     how  far  the 

falling    dirt 

will  be  car- 
ried away  from  the  ditch  during 
the  few  seconds  it  is  in  the  air.  On 
a  quiet  day,  6  to  12  inches  of  dirt 
will  fall  back  into  the  ditch.  On 
a  windy  day  your  finished  ditch 
will  be  several  inches  deeper  and 
wider  than  on  a  calm  day.  Do  not 
take  from  this  that  a  windy  day  is 
demanded  for  satisfactory  results. 
The  force  of  the  blast  spreads  and 
scatters  all  but  a  little  of  the  dirt. 
The  wind  merely  helps. 

When  water  covers  the  charges, 
be  sure  to  make  the  primed  sticks.  An  cipiodDa  thtowt  th>  tuth  to  hiiA  <>ui  the 

.„J  .k.  — _   ._J  f.  ,.    ,.,,t^^^,^f       »li«ht  ■dditioial  denth  or  hoUhlof  dttei  met  with  in 

ana  the  cap  and  ruse,  waterproor     dB«i«iiiBi  ■  uteb  Sof  not  mmttn  nuiciuiif  wiin 
with  tallow  or  paraffine  at  poinU     SS  t™^^"JSi^  ^^^"tiVf^Sj'Sil'tal 
where  they  jom.    Shoemaker  s  wax      the  jxrcenCMs  of  the  total  lutHi  is  inuu. 
is  another  good  thing,  but  is  ex- 

pensive.  Tar  and  thin  lubricating  grease  are  very   poor 

materials  for  waterproofing. 

Waterproofing  When  water  covers  the  charges  you  should  arrange  to 

Charges  load  them  and  to  fire  them  quickly.    A  good  plan  is  to  make 

all  the  holesforonesection,  then  prepare  the  charges,  as  to 

priming  and  waterproofing  and  distributing  them  along  the 

line.     Quickly  test  each  hole  for  fallen  stones,  caved-in  dirt,  and   push  the 

charges  to  the  bottcms  of  the  holes.    It  is  best  to  limit  their  soaking  to  a 

half  hour.    The  explosive  is  likely  to  weaken  if  left  too  long. 

If  the  holes  cave  in  soon  after  the  bar  is  withdrawn,  do  not  attempt  to 
load  and  blast  long  sections  at  a  time.  In  loose  gravel  and  sand,  especially 
where  water  cover  the  surface  or  nearly  so,  you  will  have  trouble  getting  the 
charges  down  to  the  bottcms  of  holes.  The  best  plan  is  to  get  a  tin  tube 
about  \j4  inches  in  diameter  and  sink  it  in  the  hole  over  the  bar.  The 
explosive  then  can  be  loaded  without  trouble  when  the  bar  is  withdrawn. 

Generally  speaking,  a  ditch  charge  should  be  tamped  slightly.     The  more 

tamping  you  use  the  broader  your  ditch  will  be  in  propor- 

tion  to  its  depth.     If  you  want  a  narrow  ditch  you  must 

Tamping  Ditch      let  the  gases  rip  their  way  upward  easily.    In  dry  or  df  mp 

Charges  ground,  fill  the  hole  about  half  full  and  tamp  well.     When 

water  rises  high  in  the  hole,  use  no  tamping  at  all,  except 

to  tramp  shut  the  upper  6  inches. 

The  ground  had  better  be  warm  for  ditch  blasting.    If  it  is  cold  you  must 

load  and  fire  the  charges  quickly,  to  prevent  chilling  of  the  explosive.   A  light 
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crust  of  frozen  ground  makes  little  difference  when  charges  are  handled 
properly;  more  than  M  to  |^  inch  will  interfere  seriously. 

Regulaling  Depth  and  Width 
The  dirt  will  clean  out  6  to  8  inches  deeper  than  the  bottom  end  of  the 
charges  when  conditions  are  normal.    Explosives  work  more  efficiently  in  ditch 

blasting  when  they  are  placed  as  shallow  as  possible. 

When  the  holes  are  too  deep  an  excessive  amount  of 
Depth  for  Charges      explosive  is  required.    A  layer  of  hardpan  or  cemented 

gravel  in  the  ground  to  be  removed  requires  slightly 

deeper  placing  than  soft  ground.  The  rule  for  the 
usual  job  is  to  place  the  charges  within  6  inches  of  the  bottom  depth  desired, 
and  for  large  ditches  and  heavy  charges  within  10  or  12  inches  of  the  desired 
depth.     The  exact  depth  may  be  ascertained  by  trial  shots. 

The  greatest  depth  it  is  practicable  to  blast  at  one  shot  is  about  6  feet. 
If  a  deeper  ditch  is  wanted,  blast  a  second  time  in  the  bottom  of  the  iirst  ex- 
cavation. (Se«  table  on  page  31  for  depths  for  charges.)  The  blasting  out  of 
very  Urge  canals  should  proceed  along  these  lines.  They  involve  no  principles 
not  explained  for  the  making  of  small  ditches. 


A  chumal  35  le*l  wlil«  mi  t  tttt  deep  tb 
Iha  ndM  ■  little,  but  in  the  duii  the  bii  ditc 
cwnedil.   The  CMto!«uEh  dltcliingeuite  fipited  »ccut»leir  in  edmnce  when  dimensions  »te  known, 

One  line  or  row  of  charges  frequently  will  make  a  ditch  up  to  12  feet  wide 
and  6  feet  deep.    To  make  wider  ditches  use  2  or  more  rows. 

Usually  2  rows  of  charges  will  be  needed  for  ditches  between  8  and  12  feet 

wide  if  less  than  4  to  6  feet  deep,  and  3  rows  for  ditches  1 2 

to  18  feet  wide. 
Wide  Ditches  The  lines  or  rows  of  charges  should  be  placed  about  4 

feet  apart,  except  where  the  charges  consist  of  more  than  4 

sticks  and  are  close  together  in  the  rows  on  account  of 
transmitted  dettmation,  when  the  rows  miy  be  as  much  as  6  feet  apart.  In 
blasting  out  very  wide  and  shallow  ditches  or  canals,  it  sometimes  is  of  ad- 
vantage to  load  2  rows  with  tight  charges  rather  than  to  attempt  to  blast  out 


Bow  10  d«*p«a  dllch  bT  ■  MCtmd  blut  in  tlw  bonom  o<  ■  lliat  axaTitioo. 


Tnns-iDw  oiicu  liia<jiiis — Sac  tf'  2B. 


Two-row  ditch  Uut 


Hall  stick  loiding  for  nij  iiull  di 


the  ditch  to  the  required  width  with  one  row  heavily  loaded.      The  heavy 
charges  might  dig  deeper  than  required.    (See  table  on  page  31). 

Invariably  all  the  rows  should  be  fired  together.  This,  of  course,  is  ac- 
complished when  the  electric  method  of  firing  is  used.  When  using  the  trans- 
mitted detonation  method,  put  in  extra  charges  between  the  rows  at  the  center 
charges,  and  then  fire  one — usually  the  center  charge  of  the  middle  row^with 
a  cap  and  fuse.  All  these  center  charges  and  extra  charges  should  be  htasier 
than  usual.  Put  in  an  extra  stick,  at  least.  A  still  better  way  with  transmitted 
detonation  is  to  fire  the  center  (barges  of  all  the  rows  together  electrically. 


A  paid  exuTAtod  antiiety  b;  blaitinc.  S«v«ral  tijws  of  charrsB  vcrv  loAdvd  imd  Arvd  suahI- 
tuMoaUT.  Tllfl  wind  culiad  tha  varth  to  one  aide,  fordnf  It  to  ful  on  idjoLoinc  irouDd  initead  of 
back  lata  the  hole  blows  out     (H.  E.  EIIU,  jUhlund,  If.  J.) 

Amount  of  Exploaiet  Required 
B^ore  giving  tables  of  the  average  amount  of  explosive  required  for  vari- 
ous sized  ditches,  it  is  well  to  deKribe  a  few  typical  examples  of  ditches  that 
have  been  blasted,  of  which  records  were  kept. 

In  a  clay  soil,  with  water  rising  almost  to  the  surface  of  the  ground  in  the 

holes  punched  for    charges,    charges  of  one    stick  of  straight 

nitroglycerin  explosive  placed  18  inches   apart   and   30  inches 

Examples      deep  blew  out  a  ditch  4  feet  deep,  3  feet  wide  at  the  bottom 

and  7  feet  wide  at  the  top. 

In  a  similar  soil,  with  less  gravel,  charges  of  one-half  stick 
of  straight  nitroglycerin  explosive  placed  15  inches  apart  and  18 
inches  deep  made  a  ditch  2}^  feet  deep  and  5  feet  wide.  At  another  point  in 
the  same  field,  on  the  same  day,  charges  of  2  sticks  (one  pound  of  same  ex- 
plosive),  placed  30  inches  deep  and  24  inches  apart,  made  a  ditch  9  feet  wide 
and  4  feet  deep. 

In  loam  ground,  too  dry  for  successful  transmitted  detonation  but  still 
somewhat  damp,  charges  of  2^  sticks  placed  2^  feet  deep  and  3  feet  apart, 
and  fired  electrically,  cut  a  ditch  4  feet  deep,  8  feet  wide  at  the  top  and  2  feet 
wide  at  the  bottom. 

Through  a  thicket  with  brush  and  small  trees  measuring  1  to  3  inches  in 
diameter,  in  heavy  pure  loam  well  soaked  with  water,  charges  of  2  sticks  of 


straight  nitroglycerin  dynamite  placed  22  inches  apart  aild  3  to  3^^  feet  deep 
made  a  ditch  4  feet  wide  at  the  bottom.  The  ditch  was  loaded  too  heavy. 
Charges  of  ]}/2  sticks  would  have  been  better. 

In  very  wet  and  miry  clay,  a  ditch  20  feet  wide  at  the  top,  1 2  feet  wide  at 
the  bottom  and  6  feet  deep  was  blasted  with  3  rows  of  charges  of  straight  nitro- 
glycerin explosive.  All  the  charges  were  spaced  20  inches  apart  in  the  rows.  ^ 
The  charges  in  the  middle  row  were  13^  to  I3<i  sticks,  varying  a  little  on  ac-  f 
count  of  variations  in  the  soil  along  the  ditch.  In  the.  two  outside  rows  the 
charges  were  one  stick  each.  The  rows  were  placed.  4  feet  apart.  One  section 
of  the  same  ditch  was  cut  out  to  a  depth  of  nearly  8  feet  by  using  1^  sticks  to 
the  charge  in  the  2  outside  rows,  and  3  sticks  to  the  charge  in  the  middle  row. 
When  the  ground  is  fairly  heavy  and  is  full  of  water  you  can  count  on  each 
pound  of  explosive  properly  placed  to  clean  out  I  ^  to  2  cubic  yards  of  earth. 

The  variations  from  this  rule,  both  ways,  will  be  on 

account  of  the  presence  or  absence  of  water,  the  nature 

Amount  Excavated     of  the  soil  and  the  size  of  the  ditch.     A  ditch  made 

By  One  Pound  of       with   a  single   line  of   charges  (measuring,   usually. 

Explosives  3  to  4  feet  deep  by  3  feet  wide  at  bottom  and  6  to  7 

feet  wide  at   top),    will   give   the  highest  efficiency, 
and  when  the  conditions  are  very  favorable  will  show 
even  a  little  more  than  2  cubic  yards  per  pound  of  explosive  used. 

As  the  amount  of  excavation  in  one  body  increases,  the  efficiency  of  each 
pound  of  explosive  will  fall  off  somewhat.  In  very  large  ditches  that  are  wet 
you  will  get  out  only  ]}/2  cubic  yards  per  pound  of  powder.  In  dry  ground 
blasting,  particularly  if  the  ground  is  light,  \}4  <>^  even  one  cubic  yard  per 
pound  will  be  the  average. 

Number  of  Half -Pound  Sticks  of  Explosive  Required  per  Charge  for 

Blasting   Ditches 


Depth 

Depth 

Amount  Charge 

Amount  Charge 

Ditch 

Hole 

Transmitted  Detonation 

Electric  Firing 

2       ft. 

1}  2  ft. 

H  stick 

3^  2  Stick 

2V2h. 

2     ft. 

?4  stick 

1        Stick 

3     ft. 

21^  ft. 

1      stick 

]}4  sticks 

4     ft. 

3J4ft. 

IJ/^  sticks 

2}/2  sticks 

5     ft. 

4M  ft. 

2      sticks 

31^  sticks 

6     ft. 

5     ft. 

2y2  sticks 

3     sticks 

The  width  of  the  ditch  can  be  calculated  by  doubling  the  figure  for  the 
depth  in  case  of  a  single  row  of  charges,  or  in  the  case  of  more  than  one  row, 
by  adding  to  the  figure  for  double  the  depth  the  distance  between  the  rows 
of  charges. 

The  table  given  above  is  correct  for  average  conditions.  Since  variations  in 
soils,  temperature  and  other  factors  make  necessary  varying  loading,  the 
figures  here  should  be  used  as  a  guide  for  starting  test  shots. 

No  ditches  should  be  blasted  without  testing  the  loading  thoroughly  be-  ^ 

fore  proceeding  with  much  work.    Blast  small  sections  at  a  time,  and  vary  the  V 

loading  to  suit  the  changes  in  the  nature  and  condition  of 

the  ground  you  encounter  along  the  ditch  line.    Clay,  sand. 

Making  muck,  loam  and  gravel  all  require  variations  in  depth  of 

Test  Loadings    charge,  amount  of  explosive  and  sometimes  in  spacing  of 

charges.    Proper  tests  will  enable  you  to  decrease  the  cost 
and  to  make  a  better  ditch  than  otherwise  would  be  possible. 
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Trpical  taitk«diii( 
tfia  TuiitiDiu  In  ii 

Five  to    ten  holei  make  a  good  test.    This  should  be  repeated    several 

times.    Vary  the  depth  and  spacing  and  the  amount  of  charges.      Remember 

thai  proper  blasting  wilt  make  perfect  ditches  at  low  cost,  and  that  the  only 

final  way  of  determining  proper  loading  is  to  try  it.     Weil-balanced  charges 

will  be  so  loaded  and  spaced  that  the  gases  will  lift  the  full  load  of  dirt  without 

overlapping  much  and  without  skipping  any  ground  between.    Load  just  heavy 

enough  to  insure  clean  excavation  without  excessively  high  throwing  of  dirt. 

Making  3-foot  holes  in  clay  and  gravel,  preparing  charges,  loading  and 

firing  can  be  done  by  one  man  at  the  rate  of  20  to  50  charges  per  hour.     If 

there  are  many  stones  in  the  ground,  or  if  the  ground  is 

hard,  the  work  will  go  slower.     Wet  gravel  makes  slow 

Time  Required      work.    Two  or  more  men  will  get  more  done  in  proportion 

than  one  man.     Under  favorable  conditions  one  man  has 

blasted  out   1,000  feet  of  ditch  3  feet  deep  in  12  hours. 

One  man  should  be  able  to  blast  350  to  450  feet  of  ditch  per  day  through 

brushy  ground ;  if  the  land  is  clean  he  can  do  more,  though  where  ground  is  >o 

dry  as  to  cause  trouble  in  making  holes,  the  work  will  go  slowly. 


e  when  th*  bolei  BU  « 


— woikinc  at  B  blc  ditch.  The  t 
ichet,  for  the  job  lasli  only  ■  iaj 
■e  the  cbUECB  quickiT,  which  ia 


Ditch  blasters  should  have  a  soil  auger, 
two  crowbars,   a  sledge,   a  couple  of  long- 
handted  shovels  and  a  cutting  spade.    One  of 
the  bars  should  be  4  or  5  feet  long  and  should 
be  constructed  for  driv- 
ing.   The  other  should  be 
Tools  Required     6  or  7  feet  long,  and  may 
be  made  of  piping,  with 
a  solid  sharp  steel  point 
welded  in.    It  is  for  use  as  a  churn  drill,  with- 
out sledging.    A  broomstick  or  a  wooden  rod 
about  1^  inches  in  diameter,  for  pushing  the 
charges  down  and  tamping,  and  an  axe  to 
help  cut  roots,  also  are  handy.     Of  course, 
boxes  or  baskets  for  carrying  eitplosives,  cap 
crimpers  and  the  usual  outht  for  handling  and 
loading  explosives  as  described  on  pages  36 
and  37,  will  be  required. 

Ineidentah 

or  ID  tatai  u  aDftr.  Large  stumps,  stones  or  other  obstructions 

along  in  the  line  of  the  ditch  require  a  little 

extra  explosive.     Stumps  up  to  6  inches  through  and  boulders  up  to   18 

inches    in   diameter   will   be   thrown   out  by   the    regular   ditch    charges. 
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Ions  point.  I^^^^^^^^^^^^mt^mt^^^ 

Above  these  sizes  use  extra  loading,  as  follows:    For  each  6  inches  of  the  diam- 
eter, use  one  stick  of  explosive.    For  stumps  larger  than  30  inches,  use  3  to  4 


A  BOOd  Idsd  of  crimper. 

sticks  for  each  foot  of  diameter.    Put  the  extra  explosive  directly  under  the 
stump  or  stone. 


How  b)  plic«  ch*rs«  undn- 1 


in  the  dirch  11m. 


a  ■hown  here,  blutlni  cot*  the  tldu  lODwiiirlui  IrrcguUrlt  uoleu  the 
-"-  -  -■■ — '  •-■-■-  )r  imj-kBlle.    Thi»  dllch  ii  weU  opened  and  entirriy 
i  BOd  us  Igit  itickiiit  fnun  Ihe  lides. 

Ditches  blasted  through  ground  that  has  a  raw  surface  and  no  roots  will 

require  no  finishing  afterwards.  The  edges  and  sides  should  be  fairly  true  and 
even  and  the  dirt  should  be  well  scattered.  There  will  be 
few  or  no  ridges  along  the  ditch.    Even  through  sodded 

Finishing  Ditch  ground  and  through  woods  and  brush,  when  the  sides  oF 
the  ditch  have  been  cut  before  blasting,  there  wilt  be  little 
hand  work  needed.     If  no  preparatory  cutting  is  done, 

however,  seme  shoveling  to  smooth  the  sides  and  some  cutting  to  take  out 

projecting  roots  uid  sod  may  be  advisable. 


dav.  and  moil  of  the  din  fell  tliilght  btdc  to  the  groiud. 
:  of  II  f«U  In  Ihe  ditch.    The  few  root!  projecllni  into  the 
"   "     "  '       ite  of  emiller  btuib 


dCinitiOB  caD  be  nt  off  with  UtOe  trouble.    It  !■  Ihe  roota  ot  »d  and  matted 
asd  tieec  which  ^Tf  thf    "  "' _,__,.--—,.-_. 

■     •     a.  Ala.) 


This  work  should  be  done  right  after  the  blast,  before  the  water  has  a 
chance  to  compact  the  aides.  If  necessary,  leave  dams  of  unblasted  sections 
3  or  4  feet  long  every  few  hundred  Feet  in  the  ditch,  to  hold  back  the  water 
long  enough  for  finishing.  They  can  be  blasted  out  afterwards.  An  old  axe 
or  a  sharp  grubbing  hoe  or  adz  will  cut  the  ends  of  roots  easily.  But  alt  this 
work  can  be  avoided  and  a  better  ditch  result  if  you  will  do  the  cutting  before 
the  blasting.  Large  clods,  pieces  of  stumps  or  roots  and  stones  in  the  ditch 
channel  after  blasting  should  be  thrown  out  without  delay. 

It  has  been  stated  (page  12)  that  ditches  for  tile  or  pipe  cannot  be  blasted 
out  satisfactorily.  The  dirt  can  be  loosened  with  light  charges,  however,  and 
the  shoveling  or  excavating  by  other  means  thereby  made  much  easier.  If  the 
pipe  is  to  be  placed  deeper  than  4  feet,  it  even  is  practicable  to  blast  a  3-foot 
or  deeper  ditch  on  top,  leaving  only  a  little  more  excavating  to  do  in  the 
bottom.  One  must  bear  in  mind,  however,  that  the  blasting  throws  dirt  too 
far  away  to  be  shoveled  in  to  cover  piping.  Loosening  as  explained  above, 
however,  to  make  digging  easier,  doet  not  throw  the  dirt  away. 
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Preparing  Charges  of  Explosives  for  Firing 

* 

A  charge  of  explosives  for  the  purposes  of  these  directions  is  considered  to 
be  all  the  explosives  needed  for  a  single  hole  with  cap  and  fuse  or  electric 

blasting  cap  properly  inserted  in  the  stick  of  dynamite  or 

powder  (see  pages  37  to  39)  and  tamped  in  the  hole,  ready 

A  What  a  Charge  is       to  (ire.    The  preparation  of  charges  is  practically  the 

same  for  all  sorts  of  farm  blasting.    The  slight  varia- 
tions advisable  to  suit  different  kinds  of  work  are  not 
enough  to  call  for  separate  treatment,  since  the  principles  are  all  the  same. 

All  who  use  and  buy  explosives  should  read  the  next  chapter,  beginning 
on  page  31,  on  the  nature  and  actions  of  explosives.  It  is  only  the  man  who 
understands  all  the  facts  mentioned  there  who  will  be  able  to  load  and  blast 
with  greatest  ease,  speed  and  results. 

Scope  of  This  Chapter 

It  is  important  for  everyone  who  blasts  to  understand  why  he  does  things, 
as  well  as  how  to  do  them.  For  that  reason  the  following  discussion  of  the 
preparation  of  charges  is  made  full  and  complete,  with  due  attention  to  all 
the  important  factors  involved.  Details  of  any  particular  part  of  the  operation 
can  be  found  quickly  by  referring  to  the  heading  desired,  as  given  in  the  index. 

Readers  who  may  not  desire  a  full  discussion  are  referred  to  the  following 
brief  outline  of  the  process. 

Be  careful  that  explosives,  cap  and  fuse  are  in  perfect  condition.  Cut  a 
length  of  fuse  sufficient  for  the  hole  to  be  loaded,  making  the  cut  clean,  with- 
out dragging  ends,  at  a  slight  slant  of,  say,  30  to  45  degrees  from  right  angle. 

Pick  a  cap  from  the  little  tin  cap  box,  carefully,  with  your  fingers,  and 
slide  it  gently  on  the  end  of  the  fuse.  With  a  proper  cap  crimper  fasten  the 
cap  securely  to  the  fuse,  making  the  crimp  close  to  the  open  end  of  cap.  Avoid 
twisting  or  punching  the  end  of  fuse  against  the  bottom  of  cap  as  well  as  draw- 
ing it  away  from  the  bottom.  For  wet  work  waterproof  the  joint  of  cap  and 
fuse  with  tallow,  soap  or  other  material.    Do  not  use  thin  grease  or  oil. 

Next  punch  a  hole  at  a  long  slant  in  the  side  of  the  stick  to  be  primed. 
Better  use  a  wooden  punch  for  the  purpose.  The  handle  of  the  cap  crimper 
may  be  used. 

Insert  the  cap  in  the  hole  made  as  described,  tie  the  fuse  in  place,  and, 
for  wet  work,  waterproof  all  openings  in  the  stick.    You  then  are  ready  to  load. 

Provide  space  enough  in  the  hole  at  the  proper  point  to  hold  the  required 
amount  of  explosives  in  a  bulk  that  is  not  too  long.  Be  sure  before  you  start 
to  press  in  the  sticks  to  the  bottom  of  the  hole  (see  page  43)  that  there  is  enough 
clearance  to  permit  their  easy  and  certain  entrance.  Tamp  fully  and  firmly 
up  to  the  top  of  the  hole. 

The  charge  is  now  ready  to  fire,  which  may  be  done  by  pressing  the  burn- 
ing or  flaring  head  of  a  freshly  scratched  match  against  the  powder  in  the  split 
end  of  the  fuse. 

Carrying  Explosives  and  Supplies 

^  The  place  to  keep  the  explosives  is  in  the  magazine  or  storage  place,  and 

not  with  you  in  the  field.    Carry  with  you  in  warm  weather  only  enough  for  the 

job  or  the  day,  or  in  cold  weather  only  as  much  as  can  be 
-^        ^  kept  warm  and  in  condition  for  firing  until  you  are  through 

f  B"     1    ^  loading.    Keep  explosives  separate  from  caps. 

Of  Explosives  ^  g^j^j  ^^y  ^^  carry  the  caps,  fuse  and  small  tools  is 

in  a  basket.    Put  a  piece  of  blanket  in  the  bottom,  to  keep 
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out  dampness  when  the  basket  is  on  the  ground.  Some  blasters  use  an 
explosives  box  for  the  purpose,  putting  a  wood  handle  or  double  wire  bale  on 
it.  The  tight  wood  box  probably  is  a  little  better  than  the  basket  because  it 
affords  somewhat  more  complete  protection  to  the  contents. 

Whatever  the  method  of  carrying  the  explosives,  it  should  be  well  pro- 
tected. This  consists  in  keeping  the  hot  sun  off  it,  keeping  rain  and  fog  off 
it,  keeping  it  away  from  dampness  of  the  ground,  and  keeping  it  safe  from 
meddlesome  people  and  animals. 

Many  blasters  prepare  charges  before  going  to  the  field,  but  it  is  better 
practice  to  carry  along  the  tools  and  materials,  and  to  put  them  together  or 
make  the  primers  on  the  spot  after  all  the  holes  are  nrude  in  the  ground  or 
rock,  and  when  everything  is  ready  for  the  firing  except  to  put  the  explosive  in 
place. 

These  remarks  are  given  as  reminders.  Full  discussion  of  proper  handling 
and  storing  of  explosives  can  be  found  on  pages  60  to  61  respectively. 

7*00/1  and  Materials  Required 
The  first  step  in  preparation  of  charges  is  to  assemble  the  following:  as 
many  sticks  of  explosive  (or  parts  of 
stick,  if  charges  are  to  be  less  than  full 
sticks)  as  there  are  holes  to  be  primed; 
an  equal  number  of  caps;  a  sufficient 
quantity  of  fuse;  some  string;  a  wood 
punch  with  an  end  the  size  of  a  cap  for 
about  3  inches;  a  pair  of  cap  crimpers: 
a  pocket  knife.  If  the  holes  are  very 
damp  or  full  of  water  you  also  will  need 
some  tallow  or  other  waterproofing 
material.  In  certain  cases  a  sharp 
hatchet  or  axe  and  a  block  of  wood  wil! 
be  worth  having.  The  purpose  and  use 
of  these  items  will  be  made  clear  later.      *  '"'"'^  "" '"  ""''°*  ""*"  "^  *""" 

Putting  Caps  and  Fuse  Together  (Making  Primers) 
Fuse  is  described  as  to  sizes  and  properties  on  page  60  and  caps  on 
pages  58  to  60.  Readers  who  are  not  familiar  with  them  should  turn  to 
those  pages  at  this  point.  Unroll  the  fuse  and  cut  off  a  length  that  will  be 
enough,  since  fuse  bums  about  2  feet  in  a  minute  (there  are  variations — see 
page  61). 

Three  feet  will  give  you  V/2  minutes  or  a  sufficient  time  to  get  beyond 

danger  under  ordinary  conditions.    The  fuse,  of  course,  must 

be  long  enough  to  reach  out  of  the  mouth  of  the  hole  when  the 

The  Fuse       charge  is  In  place.     Measure  the  depth  of  the  hole  before  ycu 

cut  the  fuse. 

Warm  cold  fuse  before  attempting  to  bend  it.  It  may  be 
taken  into  any  warm  room  for  the  purpose  but  should  be  subjected  to  no  heat 
greater  than  1 10  degrees.  If  for  any  reason  you  have  doubts  about  the  con- 
dition of  your  fuse,  cut  off  a  foot  or  more  and  try  it  without  any  cap  or  explo- 
sive.   If  it  will  bum  properly  it  is  all  right. 

Be  sure  to  get  fresh  ends  both  for  the  match  and  to  put  into  the  cap.    If 
fuse  has  been  cut  for  some  time  into  lengths,  it  is  well  to  cut  off  short  pieces 
from  the  old  ends  in  order  to  bring  fresh  powder  right  to  the  tips, 
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Cut  the  fuse  off  at  a  very  slight  angle  or  hcvel — say  30  to  4^  degrees,  as 

ihown  In  the  diagram.      This  slant  is  for  the  purpose  of  giving  a  little  space 

between  the  actual  end  of  die  powder  and  the  explosive 

material  in  the  bottom  of  the  cap,  to  enable  the  ipark 

Cutting  the  Fuse      to  spit  into  material 

The  only  way  to  regulate  the  space  is  to  cut  the 

fuse  as  directed  and  let  the  long  tip  rest  gently  against 

the  bottom  of  the  cap.    The  spark  has  a  better  chance  to  ignite  the  explosive 

material  in  the  cap  when  it  spits  from  the  end  of  the  fuse  than  when  it  merely 

bums  up  to  the  end  without  any  space  to  spit  into. 

The  end  of  the  fuse  where  cut  off  should  be  clean  and  free  from  dragging 
ends  and  threads.  If  it  is  not  cut  off  clean,  part  of  the  covering  may  double 
over  the  end  of  the  fuse  in  the  cap  and  keep  the  spark  away  from  the  explosive, 
causing  a  misfire.  Be  careful  to  keep  both  ends  of  fuse  off  damp  ground  and 
out  of  puddles  of  water. 

If  the  fuse  has  been  mashed,  or  is  too  thick  to  go  into  the  cap  easily,  do 
not  peel  off  any  of  the  covering.  Reduce  the  diameter  by  squeezing  it  with 
the  cap  crimpers  or  by  rolling  it  on  a  smooth  surface  under  a  knife  blade  or 
other  smooth  implement.  Sometimes  you  can  reduce  it  by  rolling  it  between 
the  thumb  and  finger. 

The  very  best  way  to  cut  fuse  is  on  a  block  of  wood  with  a  sharp  knife. 
The  blade  can  be  pressed  right  through  the  fuse  and  will  make  a  clean  cut. 
Another  good  tool  is  a  sharp  axe,  to  be  used  on  a  block  of  wood.  Tlie  method 
<rf  cutting  is  of  small  importance,  just  so  the  actual  cut  is  made  smooth  and 
even  enough.  If  you  do  use  other  tools,  have  a  knife  with  you  to  trim  up  ends 
that  are  not  true.  Be  careful  to  avoid  twisting,  pinching  or  otherwise  knock- 
ing the  freshly  cut  end  of  the  fuse  about,  for  you  may  shake  out  the  powder 
back  far  eruiugh  to  cause  a  mishre.  The  powder  should  come  out  flush  with  end. 
To  get  one  cap  out  of  the  tin  box  in  which  they  came,  tilt  the  box  up  on 
edge  till  some  of  the  caps  slide  forward,  and  then  pick  the  cap  up  with  your 
hngers.  Don't  attempt,  on  penalty  of  losing  a  hand,  to  take  a  cap  out  of  a 
box  by  running  a  nail  or  a  little  stick  or  the  fuse  into  it  in  the  box.  Be  care- 
ful you  do  not  drop  a  cap  to  the  ground  or  floor. 

Turn  the  cap  upside  down,  to  make  sure  there  is  no  dirt  in 
it.  and  gently  slide  it  on  the  fuse  till  the  end  of  the  fuse  just 
The  Cap       touches  the  bottom  of  the  cap.    Do  not  ram,  press  or  twist  the 
end  against  the  bottom. 

Hold  the  fuse  with  capped  end  up,  to  keep  the  cap  from 
sliding  off,  and  crimp  the  cap  fast.    This  you  do  with  the  special  plier-like 
tool   called   a   cap    crimper.    The 
"crimp"  is  made  by  pinching  the 
open  end  of  the  cap 
tight  to  the  fuse.     It 
Crimping      should  be  made  with- 
in the    last   quarter 
inch  of  the  open  end 
of  the  cap.    Never  make  it  toward 
I  the  closed  end  because  you  might 

I  disturb  the  explosive  material  in 

the  bottom  of  the  cap  and  cause  it 

"Crimp"  or  lutien  upa  to  hat  nilh  ■  rapilar  crimp-        .„  -__|_J_ 
taf  toot    Thl>  tool  doei  tha  Job  fu  bmter  Ihu  ^        "  explode. 

(u  b«  doD«  in  «nj  othw  wmy.  Cap  cnmpcrs  are  supplied  by 


all  makers  of  explosives.  Order  one  or  more  when  you  buy  your  explosive.  It 
is  well  to  have  an  extra  one  about  to  use  in  case  you  lose  one  on  extensive  jobs. 
This  Fastening  oF  the  Fuse  to  the  cap  is  one  oF  the  points  in  blasting  where 
a  great  deal  oF  abuse  occurs.  Blasters  think  they  can  take  a  chance  with  danger 
or  with  misfires,  and  attempt  to  crimp  the  caps  some  other  way.  Except  in 
extreme  emergency  don't  try  to  crimp  a  cap  with  anything  except  a  regular  crimp- 
ing tool;  but  there  are  times  when  one  may  not  have  a  crimper  nor  be  in  a  posi- 
tion to  wait  till  one  can  be  purchased.  There  is  a  way  out  of  this  difficulty 
- — which  is  to  secure  a  makeshift  crimp  with  something  else  than  a  crimper. 
It  is  possible  to  use  a  pair  of  pliers,  or  a  small  pair  of  pincers,  and  accomplish 
something  that  may  hold  the  cap  on  the  fuse.  The  best  makeshift  crimp  is 
to  take  a  Fold  of  the  cap  up  at  one  side  oF  the  mouth  with  a  pair  oF  close 
fitting,  square-no^  pliers.  Be  careful  while  doing  this  that  you  do  not 
grind  the  end  oF  Fuse  against  the  bottom  of  cap,  or  pull  the  end  back  from 
the  bottom.  If  the  Fuse  should  pull  away  from  the  bottom  of  cap  a  quarter 
inch,  a  misfire  likely  would  result. 


Witcrpioiiteil  OiUowedl  sticks  ready  for  loadinc  in  we(  holcE. 

When  the  charge  is  to  be  placed  in  a  dry  hole,  waterproofing  is  not  needed, 
but  in  a  wet  hole  the  connections  between  fuse  and  cap 
must  be  made  water-tight  with  tallow  or  soap.  Do  not  use 
Waterproofing  grease,  because  it  may  unite  with  the  tar  in  the  compo- 
sition oF  the  fuse  cover  and  soften  it.  when  the  powder  train 
will  be  ruined.    Water  in  the  cap  will  surely  make  it  worthless. 

Imerling  Caps  in  Explosive 

The  best  location  for  a  cap  in  a  stick  oF  explosive  for  Farm  blasting  is  in  a 

hole  in  the  side,  about  an  inch  and  a  halF  from  one  end.    The  best  position 

For  the  cap  at  this  point  is  at  a  slant  that  takes  it  in  From  the  side  toward  the 

center,  but  as  near  longways,  or  parallel  with  the  sides  of  the  stick,  as  possible. 
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Loop  tbe  doubled  end  of         Pnll  loop  tight,  band  wlrci       Insect  up  Id  slintlni  hoi 
due  wlies  one  eod  of         ■!  ci^punch  aliDliag  bole       to  b«nd  ot  vpii^j  tulo  u 


■I  at,  punch  ■liDliae  bole  to  bmd  ot  wiies,  tnko  up 
In  ■lick  high  DP  DDd  louod  ilick  in  wires.  (Waterprool 
to  (idci  a  llttlo.  lulea  il  sround  is  wet.) 


In  o Cher  word!,  when  making  the  hole  lor 

Position  of        the  cap  in  the  exptoiive.  make  it  wiUi  as 

Cap  in  Stick     long  a  slant  down  toward  the  other  end  of 

the  stick  as  possible.  There  arc  reasons  for 

this  connected  with  superior  or  inferior  detonation. 

Another  style  of  priming  much  used  is  to  set  the  cap 
in  a  hole  made  in  the  end  of  the  stick  of  explosive,  and 
then  to  tie  the  paper  about  the  fuse  or  wires.  This  is  good 
so  long  as  it  is  not  damaged,  but  experience  shows  that  the 
tamping  stick  often  bends  the  fuse  over  sharply  when  the 
primed  stick  is  pressed  into  the  hole  and  sometimes  even 
interferes  with  the  cap  itself.  With  side  priming  there  is 
a  cushion  of  the  soft  explosive  between  the  end  of  the  stick 
and  cap.  ELnd  priming  always  is  good  provided  sufficient 
care  is  taken  in  loading  to  prevent  disturbing  or  displac- 
ing the  fuse  or  cap  with  tamping  rod. 

When  all  the  explosive  is  removed  from  its  stick 
wrappings,  the  cap  must  be  inserted  in  the  loose  explo-  ^^  primim. 

sive.  This  should  be  done  by  making  a  hole,  as  in  a  stick.  But  it  seldom 
pays  to  take  all  the  explosive  out  of  stick  wrappings.  Nearly  always  you  can 
leave  a  half  stick  of  explosive  intact  for  the  cap. 


To  make  the  hole  for  the  cap  use  the  handle  of  the  cap  crimper  or  a 
wooden  punch  just  a  little  larger  than  the  cap.  The  hole  should  be  large  enough 
to  let  the  cap  in  without  much  pressing,  but  should  leave  no 
r  space  about  the  cap.  The  depth  of  the  hole  also  is  im- 
portant. It  should  be  just  enough  so  that  the  entire  cap 
can  be  buried  in  the  explosive,  but  not  any  deeper.  If  it  is 
deeper,  the  cap  may  be  forced  on  down  to  the  bottom,  which 
will  leave  some  of  the  fuse  in  contact  with  the  explosive 
(may  cause  burning  instead  of  exploding  of  powder),  or  the  cap  may  be  seated 
just  inside  the  wrapping,  leaving  an  air  space  at  the  inside  end  or  bottom  of 
the  hole,  which  may  lower  the  effectiveness  of  the  explosive. 

When  the  cap  is  seated  in  its  hole  in  the  side  of  the  stick,  the  fuse  will 
extend  up  along  the  stick  past  the  near  end.  It  must  be  tied  in  this  position, 
so  securely  that  the  fuse  and  the  cap  will  not  be  pulled 
back  in  handling  or  by  nibbing  against  the  side  of  the  hole 
when  the  stick  is  pressed  down.  The  best  way  to  secure 
it  is  to  wrap  a  strong  string  several  times  below  the  point 
where  the  cap  is  inserted,  then  give  two  or  three  wraps 
about  the  fuse,  and  pull  tight  and  tie;  or  take  two  loops 
about  the  fuse  and  then  several  wraps  about  the  stick. 


Making  Hole 
in  Ezplosiv 


Fastening  Fuse 
to  Explosiv 


CutUos  idclt  In  two— roll  il  undar  kulfa  bliila. 


When  the  foregoing  directions  have  been  complied  with  you  have  a  stick 
of  explosive  primed  with  a  cap  and  fuse.  It  is  ready  to  put  in  the  hole  in  the 
rock  OT  ground. 

Loading  Charga  in  Hola 

You  will  need  a  tamping  stick.  This  must  be  of  wood,  and  had  better  be 
about  the  size  of  a  stick  of  explosive,  which  usually  will  be  l,'4  inches  in  diam- 
eter, except  in  case  of  blockhole  blasting  of  boulders,  when  a  smaller  stick 
sometimes  is  needed  to  go  in  small  drill  holes.  Never  use  a  metal  rod  for 
tamping.  Make  sure  that  the  hole  is  ready.  It  must  be  big  enough  to  allow 
sticks  of  explosive  to  slide  down  easily  (except  in  the  case  of  small  holes  drilled 
in  rock,  when  the  explosive  all  must  be  taken  out  of  the 
Tamping  rod  stick  wrappings  and  crumbled  and  pressed  into  the  hole). 
Loose  stones,  sharp  stones  and  roots  that  obstruct  the  hole 
should  be  removed  with  a  bar  or  spoon  scraper.  This  work  must  be  com- 
pleted before  starting  to  load.  H  obstructions  fall  into  the  hole,  after  some 
of  the  explosive  is  in  place,  don't  try  to  remove  it  by  force.  Make  another 
hole  at  a  safe  distance  from  the  hrst.  put  in  another  charge  and  (ire  it. 

Measure  the  hole  with  your  tamping  stick  and  judge  if  there  is  space  for 
the  required  charge  at  the  right  point.    Nearly  always  a  charge  of  explosives 
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should  be  as  much  on  a  pile  as  possible.  If  one  or  2  sticks  are  all  the  explosive 
required,  it  usually  will  not  hurt  to 
put  them  end  to  end.  But  if  3  or  more 
sticks  are  required,  to  put  them  end  to 
end  makes  the  charge  too  long,  and 
places  the  force  of  the  blast  elsewhere 
than  where  it  should  be. 

When  your  judgment  tells  you 
that  the  charge  should  be  tn  a  more  or 
less  round  bulk,  enlarge  the  hole  at  the 
point  where  thecharge  should  be  made. 
Sometimes  this  can  be  done  by  scrap- 
ing it  out  at  the  bottom  with  a  toe-bar 
or  spoon-bar.  Again,  if  much  enlarg- 
ing is  required,  it  is  well  to  use  a  small 
amount  of  explosive  to  secure  it.  This 
is  called  springing.  To  do  this  prime 
about  a  quarter  of  a  stick  as  usual, 
and  push  it  to  the  bottom  of  the  hole. 
Use  no  tamping.  After  it  is  fired  wait 
...  till  the  hole  cools,  and  you  will  find 
a  cavity  large  enough  for  your  full 
charge. 

It  is  better  to  avoid  springing 

Bu-t.,  H h..  ^  .,1,1,  t™  I..  1.        J***'"  'f  yo"  c»"'  °"  account  of  the  fact 

neD  td  imdri bok.  that  the  cavity  often  is  enlarged  too 

much,  and  the  surrounding  earth  is  loosened  so  much  as  to  injure  conhnement 
(See  page  51  on  detonation).  A  great  deal  can  be  done  by  scraping  the  small 
auger  hole  out  to  2  or  3  inches  in  diameter  at  the  bottom  and  then  causing  the 


sticks  to  enlarge  and  (ill  the  hole  solidly.  To  accomplish  this  enlargement  of 
sticks,  slit  their  wrappings  3  or  4  places  lengthwise,  from  end  to  end.  Then 
press  them  home  with  the  tamping  stick.  They  will  expand  and  shorten.  Four 
to  6  sticks  in  this  way  can  be  got  into  the  full  length  of  two. 

Still  another  way  is  to  take  the  explosive  entirely  out  of  the  stick 
wrappings,  and  with  the  help  of  a  tin  or  paper  tube,  such,  for  instance,  as 
calendars  are  mailed  in,  funnel  it  down  to  the  bottom  of  the  hole.  But  neither 
this  method  nor  slitting  the  sticks  is  wise  in  wet  holes.  It  is  true  that 
nitroglycerin  powders  will  stand  considerable  water,  but  the  safe  rule  in  wet 
blasting  is  to  leave  the  sticks  intact.  Ammonia  powders  or  dynamites  will 
not  stand  wetting  inside  the  paper  of  the  sticks  without  damage.  (Never 
under  any  circumstances  cut,  break,  unwrap  or  punch  holes  in  explosive  that 
is  frozen.    You  invite  an  explosion  in  your  hands  when  you  do). 

When  there  is  more  than  one  stick  in  the  charge,  place  the  primed 
stick  on  top  of  the  others — ^put  it  in  the  hole  last  or  next  to  last — when 
using  the  cap-and-fuse  method  of  firing. 

Be  sure  that  all  parts  of  the  charge  are  in  firm  contact.  It  will  not  do  to 
have  air  spaces,  or  dirt,  or  wrinkled  paper  between  the  sticks.  While  all  the 
powder  likely  would  go  off  under  these  conditions,  it  will  not  do  as  much 
work  as  it  should. 

The  sticks  of  explosive  may  fit  tightly  in  the  holes.  In  that  case  do  not 
ram  or  pound  them,  but  press  firmly  against  them,  one  at  a  time,  with  the 
tamping  stick.  Press  the  explosive  into  tight  contact  with  the  sides  all  round, 
at  the  bottom  of  the  hole. 

Tamping 

Tamping  is  a  necessity.    The  charge  should  be  tightly  confined.    It  is  only 
in  springing  holes  and  sometimes  in  digging  post  holes  that  no 
tamping  is  advisable,  and  in  ditching  that  the  quantity  needed  is 
Tamping      less. 

When  the  explosive  is  in  place  at  the  bottom  of  the  hole, 
start  the  tamping  by  rolling  in  some  loose  ground.  Keep  the 
tamping  stick  working  up  and  down  to  seat  this  ground  against  the  explosive, 
though  make  no  effort  to  get  it  tight  till  there  is  a  few  inches  or  so  over  the 
explosive.  An  exception  to  this  rule  is  in  the  case  of  blockhole  blasting  of  boul- 
ders and  ledges,  when  damp  clay  tamping  should  be  packed  solid  all 
the  way  down  to  the  explosives.  The  rule  for  the  least  contents  of  tamping 
that  will  do  good  work  is  that  it  should  be  6  or  7  times  as  deep  as  the  hole  meas- 
ures in  diameter. 

If  the  tamping  is  less  than  this,  the  best  results  will  not  be  secured, 
hence  deep  holes  often  are  necessary  for  the  sake  of  confinement  of  charge  as 
well  as  to  contain  the  amount  of  powder  used. 

Hold  the  fuse  to  one  side  with  one  hand  while  the  tamping  stick  is  worked 
with  the  other  hand.  Rake  the  dirt  to  the  mouth  of  the  hole  and  be  careful  to 
get  in  the  hole  only  earth — not  clods,  sticks,  grass,  etc.  Be  very  careful  not 
to  damage  the  cover  of  the  fuse  with  the  tamping  stick. 

Fill  the  hole  to  the  top  with  tamping,  and  make  it  tight.  The  best  material 
for  tamping  is  moist  clay.  Tamping  material  always  is  better  when  made  wei 
enough  to  ball.  In  fact,  there  isn*t  much  better  tamping  than  water  itself  in 
the  hole,  when  it  can  be  made  to  cover  the  charges  deeply  enough.  Use  the 
heaviest  earth  within  reach,  and  if  it  is  dry,  better  carry  some  water  for 
wetting  it. 

43 


Firing 

The  free  end  of  the  fuse  will 
stick  out  of  the  hole  filled  wit>. 
tamping,  say  about  4  inches.  Youi 
remaining  work  is  to  set  fire  to  the 
powder  in  the  fuse,  till  it  begins  to 
spit  continuously.  Split  the  end  of 
fuse  with  your  pocket  knife  to 
make  it  light  easily.  Put  the  flar- 
ing head  of  a  freshly  scratched 
match  against  the  powder  exposed 
■• "«       by  the  cut. 

Preparing  Charges  for  Eleelric  Firing    (^Making  Primers) 
Up  to  this  point  in  the  directions  for  preparing  charges  the  text  has  spoken 
only  of  caps  and  fuse.    When  the  firing  is  to  be  done  with  an  electric  blasting 
machine  instead  of  fuse,  you  must  use  electric  blasting  caps. 

These  come  from  the  makers  with  the  wires  already  fastened  in  them. 
(See  pages  59  and  60.)  They  are  ready  to  be  inserted  in  lie  stick  of  explosive 
without  any  preparation  su(ji  as  ordinary  caps  and  fuse  require. 

Make  a  slanting  hole  in  the  stick  of  explosive  just  as  is  described  on  page 
41.  Into  this  insert  the  electric  blasting  cap,  letting  its  wires  project 
just  as  the  fuse  does  when  fuse  is  used.  Then  tie  the  wires  to  the  stick  with  a 
string  as  fuse  is  tied,  to  prevent  the  cap  from  being  pulled  partly  or  entirely 
out  of  the  '    ' 


Bid  pciilioa  of  up  in  atiik,  uiil  of  up  mirn. 

It  is  a  little  difficult  to  tie  the  wires  tight  enough  with  a  string  to  prevent 
slipping.  Another  way  to  fasten  them  securely  is  to  pass  the  wires  throu^ 
the  stidc.  To  do  it  punch  a  hole  straight  through  the  stick  of  explosive  about 
the  middle.  Double  the  wires  about  6  inches  back  of  the  cap  and  pass  the 
doubled  end  through  this  hole.  Then  loop  the  doubled  ends  from  the  other 
side  back  round  the  lower  end  of  the  stick.  Take  up  the  slack  in  the  wires 
and  you  will  have  a  sure  fastening.  The  cap  can  be  inserted  in  the  stick  at 
another  point,  in  a  slanting  hole,  just  as  described  previously. 

In  fixing  wires  of  electric  blasting  caps  to  sticks,  avoid  crossing  them  and 
avoid  bending  them  sharply  or  in  any  manner  that  will  break  their  insulating. 
If  the  insulating  is  broken  it  likely  will  cause  a  short  circuit,  which  will  result 
in  a  misfire.  Neoer  take  o  l<o(f  hitch  about  the  stick,  "'ifh  the  wires.  Do  not  pull 
at  the  wires  and  the  cap,  because  to  do  so  may  break  the  line  bridge  wire  that 
causes  the  cap  to  explode  when  the  current  goes  through. 


Load  these  primed  sticks  the  same  as  is  directed  for  fuse  primed  charges. 
Be  careful  to  avoid  rupturing  the  insulating  on  the  wires  with  small  stones  in 
the  hole  or  with  the  tamping  rod. 

The  finishing  of  the  tamping  leaves  two  wires  projecting  from  each  hole. 
They  must  be  connected  with  the  blasting  machine  or  other  source  of  current 
with  connecting  wire  and  leading  wire,  in  the  manner  described  fully  on  pages 
55  to  57.    Further  discussion  is  not  needed  at  this  point. 

Some  General  Suggestions 

In  priming  sticks  of  explosive  with  fuse  and  blasting  cap,  you  must  be 
careful  to  avoid  permitting  the  fuse  to  touch  the  explosive.  High  explosives 
will  bum  like  gasoline  or  coal-oil.  They  are  very  easily  set  on  (ire  by  sparks 
spitting  from  fuse.  When  they  are  burning  the  explosion  will  be  very  much 
weaker  than  it  otherwise  would  be,  and  will  give  off  noxious  gases. 

A  very  frequent  cause  of  misfires  is  the  bending,  kinking  and  crooking  of 
fuse.  This  is  especially  frequent  when  the  cap  is  inserted  in  the  center  of  the 
end  of  the  stick  of  explosive  and  then  carelessly  forced  over  against  the  side  of 
the  hole  by  the  tamping  stick  and  tamping  material.  Keep  the  fuse  straight, 
and  never  under  any  circumstances  lace  it  through  the  stick  of  explosive.  That 
is  a  sure  cause  of  trouble. 

If  it  becomes  necessary  to  remove  a  cap  from  a  primed  stick  of  explosive, 
do  it  gently  and  carefully,  and  unless  the  cap  and  fuse  are  immediately  to  be 
inserted  in  another  stick,  destroy  them  both  by  lifting  a  shovelful  of  earth 
and  putting  the  cap  under  the  ground  in  the  hole,  after  which  light  the  fuse 
and  go  away. 

It  is  better  not  to  lift  or  carry  the  primed  stick  of  explosive  by  the  fuse 
or  wires  when  it  can  be  helped.  When  a  practice  of  carrying  primed  sticks 
by  the  fuse  is  made,  misfires  and  poor  explosions  will  be  caused,  not  every 
time,  but  often  enough  to  make  it  wiser  not  to  do  so.  The  cap  often  is  pulled 
back  in  spite  of  the  tie  string. 

Where  explosives  that  are  subject  to  water  damage  are  used  in  work  that 
is  wet,  matters  can  be  helped  by  making  the  sticks  waterproof  with  tallow, 
paraffine  or  other  suitable  material.  It  is  practicable  to  stop  all  the  seams  on 
the  sticks,  load  and  fire  without  delay,  even  with  explosives  that  would  be 
put  out  of  business  if  the  water  got  at  the  actual  material  instead  of  only  at 
the  wrappings  of  the  sticks.  Pay  particular  attention  to  waxing  or  tallowing 
the  place  where  the  cap  and  wires  go  into  the  stick. 

When  doing  wet  blasting,  use  every  care  to  keep  the  outer  end  of  the  fuse 
from  dropping  into  the  water  or  from  resting  on  damp  ground.  The  inner 
wrappings  of  fuse  and  the  powder  train  itself  take  up  water  like  a  blotter.  On 
a  very  foggy  day  it  is  well  to  keep  fuse  in  a  closed  box.  Mist  and  rain  of 
course,  will  damage  it. 
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Explosives  and  Blasting  Supplies 

The  catalogs  of  manufacturers  are  not  intended  to  give  all  the  fundamenta 
facts  about  and  the  differences  between  the  various  explosives.  To  do  so 
would  take  too  much  space.  They  give  the  trade  names  and  the  measure- 
ments and  weights  of  sticks  and  boxes,  demanded  by  purchasers,  and  are  pre- 
pared on  the  supposition  that  blasters  and  buyers  of  explosives  know  what 
they  need.  This  bulletin  includes  explanations  of  the  names  under  which 
blasting  explosives  are  made  and  marketed,  outlines  their  properties,  and  makes 
clear  the  work  and  conditions  for  which  each  grade  is  intended  and  suited. 

Explosives 

There  are  scores  of  different  kinds  of  explosives  made  and  used  for  blast- 
ing purposes,  and  many  dozens  of  different  names  used  for  them.    The  most 
familiar  name  of  any  explosive  in  America  is  dynamite.    Another 
familiar  term  is  powder.    Other  names  are  farm  powder,  quarry 
Names      powder,  contractor's  powder,  coal  powder,  stumping  powder,  Jud- 
son  powder,  gelatin,  blasting  gelatin,  R.  R.  P.,  giant  powder,  blast- 
ing powder  and  dozens  of  others. 
Nearly  every  one  of  the  explosives  designated  by  these  names  are  made 
in  several  strengths,  and  in  qualities  to  suit  varying  conditions.    For  this  rea- 
son figures  and  other  marks  are  attached  to  the  names  to  distinguish  the  grades. 
In  addition  to  this  some  of  the  names  are  used  to  designate  not  only  one  cer- 
tain explosive  but  several  widely  different  ones.    This  is  particularly  true  of 
the  names  dynamite  and  powder.    The  selection  of  names  in  the  preceding 
paragraph  is  made  for  illustrative  purposes,  and  is  not  to  be  taken  in  any  sense 
as  a  recommendation  of  those  explosives  for  any  purpose.    The  recommen- 
dations are  given  in  detail  on  other  pages. 

All  blasting  explosives  are  not  made  from  the  same  ingredients,  and  they 
differ  a  great  deal  in  many  other  ways  than  in  quality,  as  quality  is  generally 
understood.    You  can  buy  commeal  that  is  good,  bad  or  indifferent,  but  when 

you  buy  explosives  you  will  find  there  are  few  which  can  be 

classed  as  of  poor  quality.    Nearly  every  standard  kind  and 

Differences      grade  is  of  excellent  quality  for  some  particular  purpose  and 

condition.  And  practically  every  one  can  be  classed  as  of  poor 
quality  for  conditions  and  purposes  to  which  it  is  not  suited. 
Nor  is  the  difference  one  of  size  of  stick  or  grain,  as  the  case  may  be,  though 
this  is  one  element.  The  main  differences  are  ones  of  strength,  quickness  or 
speed  of  gases,  sensitiveness,  resistance  to  cold  and  to  water,  density,  fumes 
and  cost.  Some  explosives  are  suitable  for  wet  work,  and  others  only  for  dry 
work;  some  are  adapted  to  blasting  hard,  tough  rock,  others  to  blasting  ground 
only;  some  freeze  when  chilled  a  little;  others  can  be  exposed  freely  without 
freezing.  And  it  should  be  noted  that  many  of  the  better  explosives  of  to-day 
have  been  developed  during  recent  years  and  are  comparatively  new.  The  ex- 
plosive to  buy  for  any  particular  work  is  the  best  one  on  the  market  for  all 
the  conditions  involved. 

Black  blasting  powder  has  been  known  and  used  for  several  hundred 
years,  and  it  is  practically  the  same  to-day  as  it  has  been  for  a  long  time.    It 

is  composed  of  saltpeter  or  nitrate  of  soda,  sulphur  and  char- 
coal.   It  does  not  vary  in  strength,  and  varies  little  in  other 
Explosive        properties. 

Ingredients  The  dynamites  and  high  explosive  powders  have  little  or 

no  relation  to  black  blasting  powder.    They  depend  for  their 
explosive  force  on  other  explosive  chemicals  the  best  known  of 
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which  are  nitroglycerin  and  ammonium  nitrate.    It  is  not  necessary  in  this 
brief  description  to  name  additional  explosive  elements. 

The  first  dynamite  was  made  in  Europe  by  mixing  nitroglycerin  with  a 
light  spongy  earth»  and  packing  the  mixture  in  paper  tubes  as  sticks  of  dyna- 
mite and  powder  are  packed  to-day.  Nitroglycerin  itself  is  a  wonderfully  ef- 
ficient explosive  when  it  can  be  controlled,  but  it  is  so  dangerous  and  unstable 
that  it  must  be  mixed  and  treated  to  make  it  safe  enough  to  handle. 

As  other  explosive  chemicals  become  better  understood,  it  has  been  found 
of  advantage  to  substitute  materials  that  are  explosive  for  the  light  earth  used 
to  absorb  the  nitroglycerin.  And  more  than  that,  the  nitroglycerin  itself  has 
been  displaced  to  varying  degrees  in  some  of  the  powders  and  d3mamites  by 
ammonium  nitrate  and  other  materials.  Few  blasting  explosives  contain  no 
nitroglycerin  at  all,  but  many  contain  only  4  or  3  per  cent,  of  it.  Each  of  these 
combinations  of  materials,  or  formula,  has  its  own  peculiarities  in  addition  to 
variation  in  strength,  all  of  which  information  it  is  well  for  a  buyer  and  blaster 
to  understand. 

The  explosives  marketed  as  "straight  dynamites**  and  "straight  powders'* 
are  made  from  nitroglycerin.  Those  made  from  an  ammonium  nitrate  base 
are  called  by  many  manufacturers  "extra**  dynamites  and  powders.  Gelatin 
dynamites  and  blasting  gelatin  are  nitroglycerin  explosives  in  which  the  nitro- 
glycerin has  been  combined  with  gun  cotton.  The  various  special  mine,  quarry, 
stumping,  farm  and  other  miscellaneous  djmamites  and  high  explosive  powders 
on  the  market  are  not  so  named  that  their  ingredients  can  be  determined  with- 
out a  statement  from  their  makers. 

The  power  of  an  explosive  and  its  violence  are  two  different  qualities. 
The  power,  or  direct  strength,  is  due  to  the  volume  of  the  gases.    If  a  pound 

of  a  certain  explosive  gives,  for  instance,  1,000  cubic  feet 

of  gas  when  completely  detonated  or  fired,  while  a  pound 

Strength  and         of  another  explosive  gives  500  cubic  feet  and  a  pound  of  a 

Quickness  third  gives  2,000,  the  lifting  power  of  each  explosive  will 

be  in  direct  proportion  to  its  gas  volume. 

But  the  violence  of  the  gases  depend,  not  on  their 
volume,  but  on  their  speed.  If  they  are  comparatively  slow  in  forming  and  in 
forcing  their  way  out  of  their  confinement  they  will  break  out  large  cracks 
and  escape  through  them,  pushing  the  material  aside.  If  they  are  very  fast 
or  quick,  they  will  grind  and  pulverize  everything  they  come  in  contact  with,  and 
throw  out  the  whole  side  of  the  confining  material,  but  will  not  crack  it  so  far. 

The  matter  can  be  made  clear  by  comparing  a  push  with  a  blow  of  a  hammer. 
Both  may  have  equal  power,  but  the  effects  on  a  block  of  wood,  for  instance, 
at  the  point  where  they  are  applied  are  very  different.  The  push  will  move 
the  object  almost  without  marking  it.  The  blow  may  move  it,  but  it  is  sure 
to  leave  a  mark  of  greater  or  less  depth,  depending  on  the  nature  of  the  ham- 
mer and  its  speed.  A  still  better  comparison,  perhaps,  is  that  between  the  blow 
of  a  sledge  and  of  light  hammer.  It  is  possible  to  hit  a  blow  of  as  much  power 
or  weight  with  one  as  with  the  other,  but  the  material  at  the  point  where  the 
blow  lands  with  the  light  hammer  will  be  badly  dented,  or  maybe  broken. 
The  reason  is  that  the  light  hammer  moves  with  much  greater  speed. 

In  quarries  blasters  make  use  of  these  facts  in  order  to  get  the  rock  broken 
out  in  pieces  of  the  size  preferred.  When  they  want  large  pieces  they  use  an 
explosive  with  sufficient  power  to  break  the  rock,  but,  comparatively  speaking, 
with  a  slow  speed  of  gases;  when  they  want  small  pieces  and  much  shattering, 
they  use  an  explosive  of  the  same  or  greater  power  but  with  swift  and  violent 
gas  action. 
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For  each  result  and  for  each  material  a  certain  power  is  required  and  a 
certain  quickness  of  the  gases  is  best.  By  way  of  illustration,  take  soil  blasting  for 
tillage  purposes.  There  is  no  object  in  violently  grinding  the  earth  at  one  spot 
while  surrounding  earth  that  might  be  reached  is  left  untouched.  A  proper 
explosive  for  this  purpose  is  one  that  will  have  enough  pulverizing  action, 
that  will  lift  and  shake  up  the  soil,  and  that  extends  its  effects  for  long  distances. 
For  an  example  of  the  other  extreme,  take  mud^apping  rocks.  For  this  work 
the  explosive  cannot  be  too  violent  in  action.  The  gases,  backed  up  by  the 
rapidly  yielding  wall  of  air  behind  them,  must  strike  the  rock  a  crushing  blow 
in  the  minimum  of  time. 

Nitroglycerin  and  ammonia  powders  and  dynamites,  for  all  practical  pur- 
poses, are  of  equal  strengths  when  of  equal  markings.  The  strength  is  indi- 
cated accurately  by  percentage  figures. 

Nitroglycerin  explosives  are  uniformly  quicker  and  more  violent  in  action 
than  ammonium  nitrate  explosives,  and  the  more  nitroglycerin  there  is  in  the 
explosive  the  quicker  it  is.  The  ammonia  explosives  are  not  as  quick,  in  any 
strength,  as  the  corresponding  nitroglycerin  explosives.  Therefore  a  50% 
nitroglycerin  powder  is  more  violent  than  a  50%  ammonia  powder,  and  a 
20%  ammonia  powder  is  much  less  violent  than  a  50%  grade. 

When  the  object  is  to  shatter  and  reduce  to  fine  fragments  the  material  to 
be  blasted,  the  proper  explosive  is  a  quick  one,  while  when  the  object  is  to 
lift  and  shake  up  the  material  the  best  explosive  is  a  slow  one.  (See  table  on 
page  50,  also  detailed  recommendations  on  pages  22  and  25.)  But  there 
are  other  factors  that  must  be  considered. 

Nitroglycerin  explosives  resist  water  better  than  anmionia  explosives,  but 
if  the  cartridge  wrappings  are  not  broken  or  opened,  ammonia  dynamite  or 
powder  can  be  loaded  in  wet  holes  with  entire  satisfaction.  The  firing  should 
not  be  delayed  any  longer  after  loading  than  necessary,  and  it  is  wise  to  plan 
the  work  so  that  it  may  be  done  at  the  longest  within  a  half  hour  after  loading. 
Storage  in  a  damp  place  will  weaken  explosives,  especially  ammonia  explosives. 

Gelatin  explosives  resist  water  very  well,  and  may  be  loaded  in  wet  holes, 
or  under  water,  with  assurance  that  they  will  explode  with  their  full  power. 
Blasting  gelatin  is  entirely  water-resisting. 

Explosives  will  freeze,  and  when  in  this  condition  are  dangerous,  and  can- 
not be  fired  properly,  if  at  all,  with  a  cap  of  any  kind.  They  musi  be  thawed 
and  they  must  be  handled  very  carefully  if  they  are  to  be  used.  On  no  account 
attempt  to  cut  the  wrappings,  to  break  a  stick,  or  to  handle  the  frozen  explo- 
sive in  the  ordinary  way.    (See  pages  51  and  52  for  directions  for  thawing.) 

Regular  nitroglycerin  explosives  are  quickest  to  freeze.    Others,  known  as 
"Lx)w  Freezing,**  will  stand  much  lower  temperatures  without 
showing  trouble  in  this  respect. 
Freezing  Ammonium  nitrate  explosives  also  will  freeze,  but  not  quite 

so  quickly  as  nitroglycerin  explosives.     They  too  are  made  on 
both  regular  and  low  freezing  formulas.    The  low  freezing  am- 
monia will  stand  more  cold  than  the  low  freezing  nitroglycerin. 

The  regular  explosives  will  freeze  at  temperatures  of  45  to  50  degrees. 
The  low  freezing  explosives  will  not  freeze  and  become  solid  till  the  thermome- 
ter gets  down  to  at  least  25  degrees,  and  in  practice  many  of  them  can  be  used 
right  out  in  the  open  without  any  trouble  when  the  temperature  is  down  to 
zero  and  below.  The  length  of  time  the  powder  is  exposed  to  the  cold  has 
much  to  do  with  its  freezing. 

The  safety  point  for  both  low-freezing  explosives  and  regular  explosives 
is  not  a  matter  of  rule,  but  of  watching  the  explosive.     When  high  explosive 
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powder  or  dynamite  is  frozen,  the  sticks  will  be  hard,  and  when  it  is 
partly  frozen  they  usually  will  have  a  mottled  appearance  on  outside  of  the 
paper  wrappings.  The  hardness  may  only  be  in  spots.  When  not  frozen,  the 
sticks  should  be  a  little  soft  all  over.  No  explosives  should  be  handled  much, 
cut,  punched,  rubbed,  broken  or  loaded  when  they  are  frozen.  They  can- 
not be  exploded  satisfactorily  and  such  acts  are  dangerous. 

'  In  cold  weather  always  use  the  low  freezing  grade  of  explosives,  for  the 
regular  grades  may  freeze  in  the  holes  before  they  can  be  fired.  It  is  a  good  plan 
to  use  the  stronger  caps,  say  No.  8  (see  page  50)  in  cold  weather.  When 
a  charge  of  explosive  is  chilled  but  not  frozen  it  can  be  fired  satisfactorily  by  a 
heavier  impulse  (blow  and  heat)  than  ordinary,  such  as  a  fresh  No.  8  cap  gives. 
The  low  freezing  explosives  do  not  differ  in  action  from  the  regular  explosives, 
and  are  just  as  efficient. 

The  gases  of  explosives  naturally  are  more  or  less  objectionable  when 
breathed.  Some  of  them  are  poisonous,  others  are  merely  disagreeable.  When 
explosives  are  used  out  in  the  open  the  gases  are  taken  up  by  the  air  so  quickly 
that  none  of  them  give  any  serious  trouble,  though  they  do  cause  headaches. 
It  is  only  in  tunnels  and  deep  shafts  where  the  air  is  confined  that  the  matter  of 
fumes  is  important,  not  on  farms. 

Special  explosives  have  been  developed  for  tunnel  and  mine  work,  but  they 
are  not  important  in  agricultural  work.  The  only  fact  about  fumes  worth  know- 
ing in  farm  blasting  is  that  nitroglycerin  explosives  either 
in  the  form  of  their  gases  or  when  absorbed  through  the 
Other  Properties     skin  will  cause  headache  somewhat  quicker  than  ammonia 

explosives.    The  so-called  fumeless  explosives  always  cost 
more  than  any  ordinary  dynamites  and  powders  and  are 
not  suited  to  farm  work.    Farmers  will  do  well  to  buy  grades  of  explosives 
suited  for  their  special  purpose. 

Dynamites  and  most  high  explosive  powders  are  light-colored  materials 
that  look  like  fine,  sticky  sawdust,  and  they  always  are  packed  in  "sticks" 

made  with  cylinders  of  tough  paper.    These  sticks  vary  in 

diameter  and  length.  The  standard  is  ]}4  inches  in  diameter 

Appearance         and  8  inches  long.   This  is  the  size  carried  in  stock  by  dealers 

of  Explosives      and  in  the  magazines  of  the  makers.    You  can  get  special 

sizes  of  sticks  if  you  need  a  considerable  quantity,  varying 
from  ^  of  an  inch  in  diameter  to  4  inches.  Sizes  other  than  the  standard  1  }4 
by  8  inch  may  cost  more  per  pound  than  the  standard  owing  to  higher  pack- 
ing cost. 

Dynamites  and  high  explosive  powders  are  packed  in  wooden  boxes  con- 
taining 23  pounds  or  50  pounds,  as  you  prefer.  A  50-pound  box  of  20  %  ammonia 
powder  or  dynamite  will  contain  about  105,  IJ^  by  8  inch  sticks.  If  of  20% 
nitroglycerin,  it  will  contain  about  98  sticks.  If  of  gelatin  dynamite,  or  blasting 
gelatin,  it  will  contain  about  88  sticks. 

A  word  should  be  said  here  about  the  cost  of  explosives.  No  quotations  can 
be  given  because  the  prices  vary  in  different  parts  of  the  country  and  from  time 
to  time.  The  ammonia  products  usually  are  cheapest.  The  cost  of  course 
follows  the  percentage  strength,  the  low  percentages  cheaper  and  the  high  per- 
centages dearer.  Gelatin  explosives  cost  about  the  same  as  straight  nitroglycerin 
explosives.  The  special  explosives  for  use  in  mines,  tunnels,  quarries,  railroad 
construction  work,  etc.,  often  cost  more  than  the  explosives  recommended 
here  for  farm  work. 

In  buying  explosives  look  first  to  getting  the  one  that  is  best  suited 
to  the  work  to  be  done,  and  aside  from  that  the  cheapest  one.     There 
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would  be  no  object  in  using  a  straight  nitroglycerin  or  a  gelatin  explosive  when 

one  of  the  ammonia  farm  powders  would  do  the  work,  for  the  former  explosive 

cost  much  more  than  the  latter. 

To  avoid  "explosive  misfits"  it  is  well  to  consider  carefully  the  nature  of 

the  material  to  be  blasted,  the  conditions  of  weather,  water,  etc.,  and  the  results 
^  wanted.    The  kind  of  explosives  to  use  depends  on  these  factors.    Keeping  in 

^  mind  the  facts  mentioned  in  preceding  paragraphs,  the  reader  will  see  that  there 

is  a  type  of  explosive  made  for  almost  every  condition  and  kind  of  work,  and 

will  understand  why  one  will  not  suit  the  work  of  another. 

As  the  briefest  and  clearest  way  of  giving  general  suggestions  for  the  type 

of  explosive  best  for  different  agricultural  work,  a  table  follows:    (Detailed 

recommendations  are  given  on  pages  21  and  25.) 

Explosives  Recommended  for  Different  Work 

Stone  blasting — ^mudcap Straight  nitroglycerin  or  ammonia   dynamite, 

50%  or  60%. 

Stone  blasting — ^undermine. .  .To  break,  same  as  for  mudcapping;  to  throw 

out,  use  any  dynamite  or  powder  of  20  %  strength. 

Stone  blasting — blockhole To  shatter  well,  any  high  percentage  dynamite 

or  powder;  to  break  into  large  pieces,  20% 
ammonia  dynamite  or  powder. 

Soil    blasting — ^for   subsoiling 

and  for  tree  planting. .  .  .20%  ammonia  dynamite  or  powder. 

Ditching — electric  firing 20%  to  40%  ammonia  explosives;  (nitroglycerin 

is  equally  effective) ;  in  loose  dry  ground,  high 
percentage  nitroglycerin  explosives. 

Ditching — transmitted  detona- 
tion   Straight  nitroglycerin  dynamite  or  powder,  50% 

strength. 

Stump    blasting — in   medium 
and  heavy  soils,  wet  or 

dry 20%   nitroglycerin   or   ammonia    dynamite    or 

powder. 

Stump  blasting — in  dry  sand 

and  other  light  soil 50%   nitroglycerin   or   ammonia   dynamite   or 

powder. 

If  you  are  in  doubt  as  to  the  best  explosives  for  your  particular  work  it  is 
well  to  write  to  the  manufacturer  you  prefer,  asking  which  of  their  grades  and 
brands  would  be  most  suitable. 

Detonation 

It  is  well  known  that  black  powder  is  fired  by  a  spark,  and  that  dynamites 
and  high  explosive  powders  cannot  be  fired  by  a  spark  but  require  a  shock  and 

heat.    It  is  not  so  well  known  that  there  are  great  dif- 
ferences in  the  nature  and  effect  of  the  explosion  of  any 
Fiiingi  Exploding    powder  or  dynamite,  due  to  variations  in  the  way  it  is 
or  Detonating         fired. 

An  explosion  of  powder  or  dynamite  is  the  result  of 

a  very  sudden  creation  of  a  great  volume  of  gas  from  a 

smaller  volume  of  powder.     The  kind  and  amount  of  gases  produced  by  any 
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high  explosives  depend  on  the  kind  and  amount  of  shock  used  to  fire  the  charge, 
and  on  its  confinement. 

The  effect  of  lighting  a  piece  of  unconfined  dynamite  with  a  piece  of  fuse 
without  a  cap  on,  is  that  the  dynamite  will  bum  fast  without  exploding  and  make 
a  dense  smoke  which  has  a  bad  smell  and  produces  severe  headaches.  This  is 
simple  combustion.    If  the  piece  of  dynamite  is  confined  closely  and  lighted  in  ^ 

the  same  way  it  will  explode,  but  will  give  off  similar  bad  fumes.    If  a  weak  cap  W 

is  used  on  the  fuse,  or  the  dynamite  is  set  off  by  a  fall,  the  dynamite  will  be 
partially  detonated,  and  explode  with  considerable  force,  but  it  still  will  give 
off  the  bad  fumes  and  smoke.  The  same  piece  of  dynamite  fired  with  a  No.  6 
or  8  cap  will  be  completely  detonated,  and  will  explode  with  great  violence  and 
force,  even  when  unconfined,  except  by  air,  and  will  give  off  very  little  smoke. 

The  last-named  explosion  is  detonation.  It  is  produced  by  a  violent  shock 
in  connection  with  intense  heat.  Nitroglycerin  is  3  times  as  strong  as  black 
blasting  powder  when  exploded  by  fire,  and  10  times  as  strong  when  detonated. 
This  explains  the  enormous  force  given  by  detonation  as  compared  to  simple 
explosion. 

But  detonation  itself  is  no  set  thing  that  always  takes  place  the  same. 
There  is  good,  or  complete,  or  full  detonation,  and  there  is  partial  detonation. 
In  case  of  incomplete  detonation,  or  any  detonation  at  a  less  speed  than  the 
greatest  for  any  particular  explosive,  the  gases  formed  are  not  what  they  should 
be.  For  one  thing,  they  are  more  noxious  or  poisonous.  The  more  powerful 
and  severe  the  blow  delivered  by  the  cap,  the  more  quickly  does  the  chemical 
action  take  place  in  the  explosive.  It  is  only  when  high  explosives  detonate 
with  their  greatest  speed  that  their  maximum  power  is  generated. 

Air  spaces  about  the  cap  in  the  stick  of  explosive  cushion  its  blow  and  weaken 
detonation.  It  is  the  nature  of  the  initial  detonation  of  the  powder  right  around 
the  cap  which  governs  the  nature  of  the  explosion  of  the  whole  charge.  A  blaster 
should  understand  the  importance  of  setting  up  complete  detonation  in  order  to 
get  the  greatest  amount  of  force  out  of  explosives.  Sometimes  explosives  lose 
as  much  as  20%  of  their  effectiveness  when  fired  with  weak  caps.  Lack  of 
confinement  has  a  similar  effect.  Sixty  per  cent,  dynamite  poorly  detonated 
is  less  effective  than  40%  well  detonated. 

When  explosives  become  chilled  it  is  difficult  to  detonate  them  properly 
with  the  usual  cap,  hence  the  advisability  of  using  a  very  strong  cap  in  cold 
weather — a  No.  8.  Many  of  the  holes  are  frequently  loaded  for  some  time 
before  firing,  and  even  if  the  powder  is  soft  and  normal  while  charging,  it  after- 
wards becomes  somewhat  chilled  in  the  cold  ground. 

Throughout  this  and  other  bulletins   in  this  series,  the 

terms  caps   and  electric  blasting  caps  are  used  in  speaking 

Cap  Means      of  the  exploders  used   to  fire  the  charges  of  dynamite  or 

Detonator        powder,  although    in    the    field   and  among  manufacturers 

the  same  articles  are  called  by  the  terms  "detonators,"  or 
"electric  exploders." 

Thawing  Explosives 

It  has  been  pointed  out  (on  page  49)  that  regular  explosives  chill  or  freeze 
at  temperatures  of  43  to  50  degrees.  With  the  increase  in  the  number  of  low 
freezing  explosives  that  seldom  need  thawing,  the  necessity  for  doing  the 
thawing  on  farms  is  not  as  frequent  as  it  used  to  be. 

Frozen  dynamites  and  powders  are  dangerous  materials,  and  whenever 
the  temperature  is  near  the  freezing  point  for  them,  the  sticks  should  be 
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inspected  before  using  to  see  if  they  show  any  of  the  hardness  that  indicates 
chilling.    If  so,  handle  them  very  carefully  till  they  are  thawwl.   Dynamites  and 

high  explosive  powders  will  be  a  little  soft  to  the  pressure 
of  your  thumb  when  they  are  not  frozen. 
Frozen  Explosive  Frozen  explosives  are  dangerous  because  they  are 

very  much  more  easily  exploded  in  the  course  of  ordinary 
^  handling.     They  are  more  sensitive  to  friction  and  to 

blows  of  tools.  The  sticks  may  explode  when  dropped  to  the  ground  or 
floor,  when  sticks  are  broken  in  two,  when  wrappings  are  cut  with  a  knife,  when 
cap  holes  are  punched  with  a  stick,  or  when  they  are  shoved  into  a  hole  with  a 
tamping  stick.  At  the  same  time  they  are  so  much  less  sensitive  to  the  direct 
shock  of  a  detonating  cap  that  they  cannot  be  fired  properly  with  a  cap. 
Therefore  the  rule  must  be  laid  down  that  frozen  sticks  of  high  explosives  never 
must  be  cut  or  ruptured  or  used  until  they  are  thawed. 

When  nitroglycerin  freezes  it  crystallizes,  therefore  the  nitroglycerin  in 
dynamite  or  powder  tends  to  separate  from  its  absorbing  materials  into  small 
crystals.  When  the  dynamite  is  thawed  slowly  with  sticks  lying  on  their  sides, 
the  nitroglycerin  is  reabsorbed  as  fast  as  it  liquefies.  But  when  thawed  too 
fast,  the  nitroglycerin  is  liable  to  run  out  of  the  sticks  before  it  is  reabsorbed. 
Quick  thawing  will  damage  explosives  a  great  deal  more  than  they  would  be 
damaged  by  freezing  followed  by  long,  gradual  thawing. 

Thawing  is  a  dangerous  operation  when  not  done 
right.  It  probably  is  correct  to  state  that  more  acci- 
dents with  dynamite  have*  occurred  in  the  course  of 
improper  thawing  than  for  all  other  reasons  put  to- 
gether. At  the  same  time  proper  thawing  is  entirely 
safe. 

Two  of  the  most  frequent  causes  of  accidents  while 
thawing  explosives  are  in  putting  the  sticks  into  water  or 
steam,  and  putting  them  on  hot  stoves  or  stones. 
Water,   and   especially  hot  water,  forces    the    nitro- 

glycerin  out  of  the  sticks.    The  free  nitroglycerin  goes 

On«  ^^^^^'  ^      }^  ^^^  bottom,  and  explodes  at  the  time  of  the  first 

e  mar  e .  increase  in  heat,  or  first  light  blow.    When  sticks  of 

explosives  are  laid  on  hot  material   the  nitroglycerin  also  runs  from  the  paper 

wrappings  and   drops  of    it  fall  to   the  stone  or 
Causes  of  metal.    This   almost  always   causes  an  explosion. 

Accidental  Explosions    At  about  350  F.  degrees  of  heat,  which  is  only  a  little 

more  than  that  of  boiling  water,  the  nitroglycerin 
will  explode  without  a  shock 

Elxamine  your  explosives  a  day  or  so  before  you  are  ready  to  use  them, 

and  if  they  show  that  they  are  frozen,  proceed  to  thaw 
them  in  one  of  the  following  ways:     Use  only  a  DRY 

Safe  Thawing      warmth.    Use  no  temperature  higher  than  is  comfortable 

to  the  hand,  or  the  limit  may  be  set  at  100  or  1 10  degrees. 
Use  no  heat  of  any  kind  that  cannot  be  controlled  with 

certainty.    If  you  do  this  you  will  be  safe. 

Every  large  maker  of  explosives  will  supply  thawing  apparatus  that  is 
safe.  Sometimes  this  is  a  double  kettle  arranged  so  that  the  sticks  of  explosives 
can  be  placed  in  the  inside  vessel,  while  the  outside  vessel  can  be  filled  with 
warm  water  and  a  blanket  can  be  spread  over  the  top.  Other  more  elaborate 
thawers  consist  of  a  vessel  containing  watertight  tubes  just  big  enough  to  hold 
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sticks  of  explosive,  running  through  a  space  to  be  filled  with  warm  water.    The 
catalogs  describe  these  ready-made  thawers  in  detail. 

Home-made  thawers  can  be  arranged  with  two  buckets,  one  small  enough  to 
hang  inside  the  other.  Put  the  sticks  inside  the  small  one  and  warm  water  around 
the  outside,  in  the  big  bucket.  Another  good  way  is  to  put  a  five-gallon  can  of 
warm  water  inside  a  barrel,  or  box,  and  pile  the  sticks  of  explosives  in  the  barrel 
around  the  can.  The  top  of  the  barrel  should  be  covered  with  a  blanket.  Or 
put  the  water  in  the  barrel  and  the  explosives  in  a  can  or  bucket.  A  small 
closet  of  course  can  be  used  instead  of  a  barrel.  A  can  of  warm  water  can  be  set 
inside  a  magazine  to  Iceep  the  temperature  up. 

The  old-fashioned  manure  pile  method  of  thawing  is  reliable  and  safe,  though 
a  good  deal  of  trouble.  This  consists  in  burying  a  box  somewhat  larger  than  a 
box  of  explosives  in  fresh  horse  manure,  and  placing  inside  it  the  box  of  explo- 
sives to  be  thawed.  A  foot  or  more  of  manure  must  cover  the  box,  and  a  small 
pipe  or  tube  should  be  inserted  for  ventilation.  The  manure  must  be  fresh. 
Allow  at  least  1 0  hours  to  thaw  a  box  of  dynamite  or  powder  in  this  way.  Twenty 
hours  is  better. 

The  box  of  explosives  can  be  taken  into  any  warm  place  that  is  dry,  but  if 
this  is  a  building  you  must  take  your  own  risk  of  fire  and  accident.  Watch  the 
box  and  the  sticks  to  see  if  the  freezing  and  thawing  causes  the  sticks  to  leak 

free  nitroglycerin.    If  any  of  this  leaks  out  of  the  stick  and 

gets  on  the  floor  it  must  be  washed  up  according  to  direc- 

Sticks  on  Sides      tions  in  paragraphs  on  storage.    (Pages  61  and  62.)    The 

sticks  of  explosives  had  better  be  piled  irregularly  rather 
than  in  tiers,  for  thawing.    They  will  rise  in  temperature 
quicker  in  this  way.    They  always  must  lie  on  their  sides  rather  than  stand 
on  end. 

Electric  and  Fuse  Firing 

The  very  best  way  to  light  fuse  is  to  split  the  end  for  an  inch  or  less, 
and  stick   the   burning   head  of  a 
freshly  scratched  match  right  against 

the  exposed  powder  at  the  head  of  /T^'"''^^0\\         ^C^\^'^^^ 

the  split.    This  will  light  the  fuse  V^^"^A A\=:^^^^^^^  ^^) 

even  in  a  strong  wind.  ^^^tfff^"  ^^i^^^lf  p^^T^^^^^J^^/ 

Where  there   are   very    many 
fuses  to  light  in  succession,  as  in 

subsoiling,  it  some- 
Fuse  and  times  is  of  advantage 
Cap  Firing      to  use  a  gasoline  or 

other  torch,  holding 
the  hot  flame  under  the  fuse  for  an  instant.  Whatever  the  method,  do  not 
leave  till  you  see  the  fuse  spitting  sparks  and  smoke  swiftly  and  regularly. 
Further  discussion  of  fuse  firing,  except  as  to  its  adaptations,  is  not  needed. 

Farmers  who  have  only  a  few  stones  or  stumps  to  blast, 

or  who  are  planting  a  few  trees  or  doing  a  little  subsoiling. 

Electric  Firing     will  not  need  any  other  method  of  firing  than  by  caps  and 

fuse.    Ditch  blasting  in  ground  not  watersoaked  demands 
electrical  firing,  while  the  blasting  of  large  stumps,  particu- 
larly if  green,  and  in  sandy  soil,  as  well  as  the  blasting  of  large  rocks,  is  made 
easier  and  cheaper  by  electrical  firing.   For  large  amounts  of  almost  any  blasting 
except  that  of  tree  beds,  subsoiling  and  very  small  stumps  and  isolated  small 
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boulders,  the  purchase  of  an  electric  blasting  machine  and  the  necessary  wires  is 
justified  by  the  advantages  of  the  electric  methods  of  firing. 

The  primary  reason 
for    the    superiority    of 
electric  firing  over  fuse 
firing    is    that    several 
charges  may  be  explod- 
ed at  once;  the  different 
charges  will   increase 
the    effi- 
ciency   of 
Advantages   eachother.  ' 
Thus  in 
ditching, 
you   can   fire   many 
A|M>d(geiio[iMduK«it«.  charges   in   a   row   and 

make  a  perfect  ditch.  In  stump  blasting  several  small  charges  very  (rften 
will  take  a  stump  out  better  than  one  large  charge,  and  in  orchard,  and 
garden  subsoiling  the  simultaneous  blasts  frequently  are  of  advantage. 

Electric  firing  is  more  certain  when  the  charges  are  under  water.  The 
danger  from  misfires  due  to  moisture  as  well  as  from  some  other  cause  is  reduced. 
%ould  misfire  occur,  you  are  safe  in  going  to  the  charges  as  soon  as  the  wire 
is  disconnected  from  Uie  blasting  machine.  With  a  fuse  you  must  wait  some 
hours  to  be  safe.  When  several  charges,  as  for  instance,  several  boulder  blasts 
are  to  be  fired,  you  can  make  one  trip  to  safety  do  for  the  lot,  instead  of  having 
to  travel  back  and  forward  for  each  shot.  Finally,  the  intelligent  and  careful 
use  of  electric  firing,  with  its  possibilities  of  two  or  more  small  charges  doing  the 
work  of  one  large  one,  and  its  other  economies,  will  save  considerable  ex- 
plosives. 

All  the  makers  of  explosives  supply  electric  blasting  machines.    The  ma- 
chines are  small  boxes  of  wood  or  metal,  containing  a  modified  magneto  with  a 
handle  on  top  that  you  either  push  down  or  pull  up, 
depending  on  the  make  of  machine,  to  operate  and 
Electric  Machine  to  fire  the  charges.    The  machines  are  made  in  vari' 

ous  sizes  and  capacities  to  fire  3,  10,  30,  or  more  . 
charges  at  once.    The  10  charge  machine  weighs 
about  10  poimds.    Full  directions  for  operating  and  caring  for  the  machines 
always  accompany  them. 

For  electric  firing,  in  addition  to  the  machine,  you  will  need  electric  blasting 
caps,  connecting  wire  and  leading  wire.     The  leading  wire  is  copper  wire  large 


Duplex  Leadinc  Wire.    (Actiul  slie.) 

enough  to  carry  the  amount  of  current  required  for  the  number  of  charges  to  be 
fired  simultaneously.    It  is  covered  with  insulating  material,  and  Is  made  strong 

and  durable  to  stand  much  use.  To  make  the  circuit  from  the 
Wiring  blasting  machine  to  and  through  the  charges  and  back  again, 

you  must  have  two  strands  of  leading  wire.     It  comes  from  the 


explosive  makeri  in  single-itrand 
fonn,  which  must  be  doubled,  and 
in  what  they  <.M  duplex  form,  which 
has  two  strands  of  insulated  wire 
twisted  together  or  wTapped  to- 
gether under  one  cover. 

The  two  small  copper  wires  that 
are  fixed  in  the  electric  blasting  caps 
tsee  page  59)  should  be  long  enough 
to  reach  out  of  the  holes.  They  may 
be  bought  in  a 
Electric  variety  of  lengths. 

Blasting  Caps     but    4   or  6  feet 

arc    regarded      as  Coan«tiin  wire  comat  ou  «pooU. 

standard.  If  the  charges  are  close  enough  together  so  the  wires  can  be  con- 
nected, no  connecting  wire  will  be  needed;  but  whenever  the  distance  between 
is  more,  the  charges  must  be  connected,  and  connecting  wire  is  the  right  thing 
to  do  it  with.  There  is  no  particular  limit  for  the  distance  between  charges 
that  may  be  connected  for  firing  together,  up  to  25  feet  or  more. 


• 


ifling  wire. 


The  diagrams  in  these  pages  will  show  how  to  make  electric  wire  connections. 
Cut  away  the  in-ulating  on  the  wire  ends  and  wrap  he  ends  together  tight. 
Wrap  them  for  two  inches.  Looping  the  wires  will  not  do.  Be  careful  to 
scrape  with  a  knife  or  stone  the  wire  ends  to  make  them  bright  before  wrap- 
ping them  together.  Corroded  or  dirty  connections  are  a  cause  of  misfires. 
If  the  leading  wire  gets  broken  and  must  be 
Wire  Connections  spliced,  solder  the  connection  after  wrapping  the 

ends  together,  then  wrap  the  joint  with  tape  to 
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intulate  it.    Ordinary  tire-tape  is  good,  but  a  better  way  !i  to  wrap  the  joint! 
Ith  special  rubber  tape  under- 


Tipc  foe  wnpilnt  joiaU  and  ta 


neath  and  to  cover  this  with  the 
tire-tape. 

When  only  one  charge  is  to 
be  fired,  connect  the  ends  erf  the 
2  strand)  of  the  leading  wire  to 
the  2  electric  blasting  cap  wires 
and  connect  the  other  leading 
wire  end  to  the  blasting  machine 
posts.  The  connection  with  the 
electrical  blasting  machine  should 
be  made  the  last  thing  before  firing,  after  you  are  sure  that  the  charges  are  all 
ready  and  after  every  person  and  animal  is  out  of  the  way  of  the  (lying  pieces. 
When  the  blast  is  all  connected  together  ready  to  fire,  except  attaching  the 
leading  wire  to  the  machine,  give  the  handle  of  the  machine  one  or  two  light 
strokes,  to  make  sure  that  it  is  working  smoothly  and  to  charge  the  magnets. 
Then  attach  the  leading  wires  to  the  binding  posts  on  the  machine,  making 
sure  that  both  the  binding  posts  and  the  wires  are  bright  and  clean  where  they 
come  together.  Raise  the  handle  of  the  machine  to  its  full  height  and  push  it 
down  with  speed.  When  the  handle  starts  on  its  downward  stroke,  the  pinion 
immediately  clutches  the  armature  and  starts  the  generation  of  current.  The 
current,  growing  stronger  as  the  stroke  proceeds,  causes  considerable  resistance 
toward  the  end  of  the  stroke.  The  current  generated  is  directly  in  proportion 
to  the  speed  with  which  the  handle  is  pushed  down,  especially  just  before  reach- 
ing the  bottom.  Any  let  up  toward  the  bottom  will  cause  a  drop  in  the  current 
and  may  result  in  misfires.  Therefore,  make  it  an  invariable  rule,  whether  the 
shot  be  large  or  small,  to  bang  the  handle  down  hard  and  carry  the  stroke  with 
all  possible  speed  to  the  bottom.  Try  to  knock  the  bottom  out  of  the  box. 
Machines  which  operate  by  the  twisting  of  a  handle  must  be  bandied  equally 
quick. 


Tarr  besl  wire  cmmectlon,  ittdjtta  toldetlnf  if  need  be.    (Sitcllsntlorltadlniirita.^ 

When  more  than  one  charge  is  to  be  fired  the  different  charges  must  be 
connected  together.  The  diagrams  will  help  you  to  understand  how  this  should 
be  done.  For  nearly  all  agricultural  blasting  the  connection  in  one  series  is  the 
best — that  is,  connecting  each  charge  to  the  next  one  and  so  on  until  they  are 
all  joined,  with  one  loose  electric  blasting  cap  wire  from  the  two  end  charges 
oS  the  series.    (See  diagram  A  and  D,  page  57.) 

Once  in  a  while,  where  the  series  is  long  and  the  charges  are  in  a  line,  you 
can  arrange  to  have  the  2  loose  wires  at  the  same  end  of  the  series  by  making 
the  connection,  not  to  each  next  charge  in  the  row,  but  to  the  one  beyond  and  at 
the  farther  end  doubling  back  and  connecting  the  missed  charge.  Do  not  use 
this  method  where  it  involves  many  splices  with  connecting  wire. 

Connections  in  parallel  sometimes  are  desirable  in  the  case  of  ditches,  or 
other  extensive  blasting.  To  make  them  run  a  piece  of  wire  away  from  one  lead- 
ing wire  strand  along  the  lines  of  charges  and  connect  one  wire  to  each  charge. 
Then  run  another  similar  piece  of  connecting  wire  connected  to  the  other  strand 
of  leading  wire,  and  attach  to  it  the  other  cap  wire  of  each  charge. 

But  to  fire  charges  by  means  of  parallel  connections  takes  so  much  electric 
current  that  a  blasting  machine  caimot  be  used.    Generally  speaking,  parallel 


• 


Straight    serteS  cortn^ctf'on   for- 
use  mffth  bfasttrtg   /nachine 


£    D*yic/mg  into  two  circuits  to  re</uce 
resist  a  rtc^,  used  with  bfasting  mechfn^ 


C   Multiple  'Series  used  with  both 
blastif^^  rfiachine  and power-currant 


\  -^^^^r^vVNA 


!    J)  ...Examples  of  zig-zag 
series  connections 


Method  of  wrannnc  wires  together  to  make  electrical  joint,  and  of  tajring  joint. 

connections  require  current  from  an  electric  light  or  power  plant.  If  your 
work  is  such  that  the  charges  cannot  be  connected  in  series  or  that  parallel 
connections  are  desirable,  it  is  well  to  communicate  with  an  expert  or  authority 
on  electricity  for  special  sugges- 
tions and  advice  as  to  how  best 
to  fire  your  charges. 

In  a  bulletin  of  this  size  it  is 
impossible  to  give  a  comprehen- 
sive statement  of 
Current  electric  firing.  But 

Required        to  give  some  idea, 

it  can  be  stated 
that  an  electric  blasting  cap  re- 
quires 1  to  1 3^  amperes  to  insure 
firing.  This  amount  of  current  will 
fire  one  cap  or  many  in  a  series. 
To  force  this  amount  of  current 
through  the  wires  requires  a 
certain  voltage,  the  amount  de- 
pending on  the  size  and  length  of 
all  the  wires,  and  on  the  joints. 
One  bad  or  poorly  wrapped  joint 
will  increase  the  resistance  of  the 
circuit  more  than  several  caps. 
The  voltage  of  the  current  re- 
quired to  fire  any  circuit  usually 
can  be  computed  by  an  expert 
when  the  details  of  the  wiring 
system  are  explained  to  him. 

When  charges  are  coimected 
in  parallel,  instead  of  series,  or  in 
multiple  series  (see  diagram  C), 
each  circuit  requires  I  to  1 3^ 
amperes  of  current.  That  is,  each 
cap  requires  I  to  1^  amperes 
when  connected  in  parallel.  The 
voltage  required,  of  course,  de- 
pends on  the  resistance  of  the 
wires.  A  very  much  greater  cur- 
rent than  of  I  to  I  }^  amperes  will 
do  no  harm;  in  fact  it  is  desirable. 

Electric  blasting  machines 
are  constructed  to  give  a  suffi- 
cient amperage  and  voltage  for 
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S.     Three  wine  sy Stent  with  three -post 
if  las  ting  machine.  IBTused  tn^ith  tt¥0-post 
machine  is  better 
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/T.  Parallel  connection .  used  mfith 
mlactrie  light    or pom^r'Curr^nt 


.  /tji/7  It^/res 
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fX)f  :->^fKM/^'/.iy'j''T''.       /»#/■#,>(•/  belt  iKtr  /ft  strm,  ftot  /Tvc-irir^die^ 

C..—  Comb/nations  ofpara/iel  circuits 
tvhen  fYrin^  n^/th  electric  li^ht  or 
pOiver  current. 


Ways  of  ccmnecting  up  charges  for  electric  tiring. 
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firing  properly  the  number  of  caps  specified  as  the  capacity  of  the  machine 
when  connected  in  a  series.  If  too  many  caps,  or  more  than  usual  wiring 
is  connected  to  any  machine,   misfires  will  result.     Other  current  can  be 

used  in  place  of  that  supplied  by  a  machine,  provided  it 
has  enough  and  not  too  much  amperage  and  voltage. 
Too  great  a  current  will  bum  out  wires  without  firing  all 
the  charges.  Too  little  current  sometimes  will  do  the 
same,  or  it  may  do  nothing.  In  emergencies  dry  cells  or 
wet  batteries  can  be  used  by  skillful  operators  to  fire  a 
few  charges,  when  great  care  is  taken  to  have  the  wiring 
arranged  (or  the  purpose.  Before  attempting  to  fire 
charges  with  batteries  of  any  kind,  learn  the  amperage 
and  voltage  of  their  output  and  see  that  your  shots  come 
within  their  limits.  The  use  of  batteries  is  more  ex- 
pensive than  the  use  of  electric  blasting  machines. 

Bare  connections  at  the  charges  or  back  along  the 
Two  post  electric  biastiag  leading  wire  should  be  raised  off  the  ground  by  stones, 
machine— push  down     sticks  or  piles  of  dirt  placed  under  insulated  parts  of  the 

wires  at  each  side  of  the  splice.  During  a  thunder  storm,  do 
not  stand  near  any  of  the  charges  that  have  been  connected.  Avoid  dragging  the 
leading  wire  over  bareor  roughground  as  much  as  possible,  and  particularly  avoid 
kinking  it.  Be  careful  not  to  break  or  tear  or  scratch  the  insulating  of  any  wires. 
Do  not  attempt  to  fire  through  a  long  length  of  leading  wire  wound  in  a  coil 
or  on  a  reel.  The  induction,  leakage  or  short  circuit  of  current  in  the  coil 
of  wire  causes  the  blasting  machine  to  deliver  a  slow  discharge,  which  is  fatal  to 
proper  firing.  Leading  wire  that  is  watersoaked  or  that  is  covered  with  mud 
will  lose  a  considerable  part  of  its  current. 

Misfires 

Nearly  half  of  the  accidents  noted  each  year  in  blasting  operations  are  the 
result  of  attempting  to  examine  misfires  too  soon.  If  misfires  occur  with  fuse 
firing,  stay  away  from  the  shot  at  least  2  hours.  It  is  better  to  wait  until  the 
next  day,  for  the  spark  may  linger  24  hours  and  still  cause  an  explosion.  (See 
page  60.)  Rock  and  stump  misfires  are  to  be  avoided  especially.  When  you  are 
firing  the  charges  electrically,  you  may  approach  the  shot  with  entire  safety  as 
soon  as  the  lead  wire  is  disconnected  from  the  blasting  machine. 

Misfires  are  due  to  the  following  named  causes.  The  remedies  for  them  are 
care  in  preparing  the  charges  and  in  loading,  the  details  of  which  are  given  in 
the  proper  chapters. 

With  cap  and  fuse  firing,  misfires  are  caused  by  having  the  end  of  fuse 
pulled  back  a  little  from  the  bottom  of  the  cap,  by  crimping  the  fuse  too  tightly 
with  a  groove  crimp  and  shutting  off  the  spark,  by  damp  or  wet  fuse,  especially 
at  the  end  of  the  cap,  by  defective  cap,  by  the  cap  getting  pulled  out  of  the 
explosive,  by  kinked,  damaged,  broken  or  pinched  fuse,  by  failure  to  light  fuse. 
A  great  many  misfires  were  never  fired  at  all.  With  electric  firing  the  reasons 
for  misfires  may  be  damaged  wires  in  the  hole,  causing  short  circuits,  defective 
caps,  overloaded  blasting  machine,  cap  pulled  out  of  explosive,  bad  wire  con- 
nection at  some  point,  or  broken  wire. 

If  you  find  after  due  time  that  for  some  reason  the  charge  cannot  be  fired 
by  lighting  the  old  fuse  or  by  sending  current  through  the  wires,  you  must  deal 
with  a  real  misfire. 

The  best  thing.to  do  is  to  put  in  another,  lighter  charge  in  a  new  hole  made 
6  to  12  inches  of  the  original  one.    The  explosion  of  the  new  charge  will  explode 
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the  old  one.  Never  touch  the  tamping  in  the  old  hole  unleu  you  know  just  how 
deep  it  is,  or  how  many  inchet  of  it  there  are  above  the  charge.  Once  in  a 
while  the  tamping  may  be  dug  out  of  a  bloclchole  misfire.  It  Kidom  pays  to  do 
this  in  ttump  blasting,  and  never  in  ditching,  or  soil  blasting.  At  best  it  is  a 
dangerous  operation.  Mudcap  charges  can  E>e  opened  and  new  primers  inserted 
without  danger  or  difficulty.  This  should  be  done  by  removing  part  of  the 
mud  at  another  point,  and  inserting  a  new  cap  and  fuse,  or  electric  blasting 
cap,  as  the  case  may  be. 

Cap  (Detonators) 

Blasting  cap  are  little  copper  tubes  closed  at  one  end,  \}.'2  to  2  inches  loi^[ 
and  something  less  than  a  quarter  of  an  inch  in  diameter.  At  the  bottom  is 
placed  several  grains  of  a  high  explosive  that  is  very  powerful  and  exceedingly 
sensitive  to  heat,  shock  and  friction.    This  high  explosive  usually  is  fulminate 

of    mercury,   but    often    is    other  

material.  They  are  packed  in  small 
tin  boxes,  open  end  up,  usually  100 
to  the  box. 

The  purpose  of  the  blasting 
cap  is  to  supply  the  shock  and  heat 
necessary  to  detonate  the  charge 
of  dynamite  or  powder  to  be  fired. 
If  it  were  not  for  safety  in  handling 
blasting  explosives,  they  all  could 
be  made  as  sensitive  as  the  material 
in  the  caps.  But  such  explosives 
would  be  impossible  to  handle 
without  accident.  In  fact,  it  would 
be  impossible  to  handle  the  little 
bit  of  explosive  in  the  caps  if  it 
was  not  protected  by  the  copper 
shells.  Even  at  that  caps  must  be 
kept  free  from  jars  and  from  heat 
and  sparks  to  avoid  premature 
explosion. 

The  strength  of  caps  is  care- 
fully regulated  by  the  makers  to 

lire  the  dynamites  and  powders  on  DiadBaceoidiurybiaidntupciPudG  us 

the  market.  The  explosive  material  •'«"'''  """°*  "f"  <>«"  ""«•  '""■ 

with  which  the  caps  are  loaded  is  such  as  will  deliver  a  shock  and  a  degree  of 
heat  of  the  strength  and  violence  required.  The  caps  are  numbered  according 
to  strength.  All  dynamites  and  powders  used  for  agricultural  blasting  require 
at  least  a  No.  6  cap.  If  they  are  chilled  a  little,  but  not  frozen,  they  require 
No.  8.  It  is  the  part  of  wisdom  to  use  No.  8  caps  all  the  time  if  you  can  get 
them.  They  give  you  a  margin  of  strength  should  moisture  or  other  causes 
weaken  them  in  storage. 

Blasting  caps  must  be  used  with  fuse.  And  before  they  are  inserted  in  the 
stick  of  explosive  they  must  be  fixed  to  the  fuse  properly.  (See  pages  37  to  40.) 
It  is  the  spark  which  travels  down  the  fuse  that  fires  the  cap. 

Electric  blasting  caps  are  made  on  the  same  principle  as  ordinary  blasting 
caps.  They  have  the  copper  tube,  the  explosive  at  the  bottom,  etc.,  but  they 
diner  in  the  way  this  explosive  is  fired.  Instead  of  by  a  powder  spark  they  are 
hred  by  a  red-hot  wire  that  is  heated  by  an  electric  current. 


Every  electric  blasting  cap  has  fitted  in  it  2  small  copper  wires,  which 
must  be  considered  part  of  the  cap.  Down  near  the  bottom  of  the  cap  is  a  deli- 
cate bridge  of  finer  wire  The  entire  arrangement  is  held  in  adjustment  and 
sealed  by  a  casting  of  sulphur  lilce  substance. 


The  interior  conitnidiDn  of  in  alectrk  bluting  up  m  fni*. 

For  fuse  blasting  you  must  use  regular  blasting  caps,  and  for  electric  blasting 
you  must  use  electric  blasting  caps.  It  is  impossible  to  substitute  one  for  the 
other.  Never  pull  at  the  wires  in  an  electric  cap.  It  is  dangerous  and  may  loosen 
or  throw  out  of  adjustment  the  arrangement  of  wires  inside.  And  never  try  to 
dig  out  the  wires  of  an  electric  cap  or  to  dig  or  to  punch  the  explosive  in  the 
bottom  of  a  blasting  cap. 

Fuse  (Safety  Fuse) 

Fuse  is  used  for  firing  black  blasting  powder  and  for  firing  dynamite  and 
high  explosive  powders  through  the  medium  of  a  cap.  It  is  made  by  enclosing 
within  a  covering  a  train  of  special 
black  powder  and  an  inflammable 
cotton  string.  The  spark  runs 
down  this  powder  train. 

The  powder  used  in  fuse  is 
specially  made  for  the  purpose,  is 
pulverized  and  is  highly  compressed 
by  the  covering  of  the  fuse.  The 
covering  itself  is  made  of  varying 
materials,  depending  on  the  condi- 
tions under  which  the  fuse  is  to  be 
used.  For  dry  work  it  is  only 
enough  to  hold  the  powder  in  place 
and  to  keep  the  powder  train  from 
getting  broken.  For  damp  and  wet 
work  it  is  made  waterproof  by  in- 
Fu«««iti»inMiDroii>.  creasing  the  number  of  layers  in 

the  covering  and  by  adding  varnish,  coal  tar,  as  other  waterproofing  material. 
There  are  many  brands  of  fuse  on  the  market.    In  buying  fuse  you  must 
bear  in  mind  the  character  of  your  work.    For  work  that  is  en- 
Grades  tirely  dry  you  can  use  ordinary  cotton  or  hemp  fuse  with  satis- 
faction, if  it  is  large  enough  to  &t  a  blasting  cap  snugly. 
For  work  in  damp  ground,  use  a  fuse  in  which  the  cotton  or  hemp  is  covered 
with  one  layer  of  waterproof  tape  or  other  material.     This  is  called  single-tape 
grade  or  may  be  known  by  brand  name  only.     For  work  where  the  ground  is 
wet,  such  as  in  stump  and  stone  blasting  in  damp  or  wet  weather,  use  a  double- 
covered  fuse— fuse  that  has  two  layers  of  tape  or  other  material  over  the  cotton 
60 


covering  and  waterproohng  material  added.  For  work  where  water  covers  the 
charges  it  is  best  to  use  fuse  with  three  layers  of  tape  or  other  material  and 
full  waterproofing.  This  is  called  triple-tape  fuse  or  may  have  special  brand 
names.  When  buying  fuse  for  general  farm  work,  it  is  well  to  get  a  water- 
proof grade,  since  it  can  be  used  for  both  wet  and  dry  work. 

Most  reliable  fuse  bums  about  2  feet  per  minute  when  in  perfect  condition. 

If  it  becomes  damp,  it  bums  much  slower.  Cases  have  been  known 

where  the  spark  smouldered  in  damp  fuse  for  hours  without 

Rate  of         traveling  more  than  a  few  inches.   Another  source  of  uncertainty 

Burning        is  where  fuse  has  been  pinched.    It  may  take  the  spark  a  minute 

or  an  hour  or  a  day  to  get  past  the  pinched  point. 

When  fuse  is  cold,  it  is  hard  and  brittle,  and  may  crack  open 
when  unrolled.  If  it  gets  too  warm,  its  waterproofing  material  may  penetrate 
to  the  powder  train  inside  and  ruin  it;  or  the  covering  may  first  soften  and  then 
harden,  in  this  condition  breaking  as  though  cold  when  unrolled.  If  grease  is 
allowed  on  the  cover  it  may  combine  with  the  waterproofing  and  ruin  the 
powder  inside. 

Handling  Explosives 

E)ynamites  and  powders  in  boxes  can  be  hauled  freely  in  spring  wagons. 
You  should  see  that  no  bolt  heads  or  other  metal  parts  project  from  the  wagon 
boxes  to  strike  the  boxes  of  explosives.  Sweep  all  dirt  out  of  the  wagon.  Have 
the  beds  clean  or  covered  with  straw  or  blankets. 

Go  over  your  wagon  and  harness  before  you  load  dynamite  to  make  sure 
they  will  not  break  down  while  you  have  the  explosive  aboard.  Be  sure  you 
have  the  hitching  straps  or  tie-ropes  along,  and  do  not  leave  the  horses  standing 
without  tieing  them  securely.  Break  no  colts  while  hauling  explosives.  If 
you  use  a  motor,  stop  it  and  set  the  brake  tight  before  you  leave  the  load. 
In  driving  through  a  town  stay  away  from  dangerous  crossings. 

Keep  the  sticks  of  explosive  in  their  original  boxes  until  you  are  ready  to 
use  them.  Don't  have  them  around  loose.  In  carrying  them  to  the  field,  use 
a  wood  basket  or  a  box  and  not  a  metal  bucket.  Always  protect  explosives  from 
all  possibility  of  being  reached  by  falling  sparks  or  from  match  heads  or  other 
source  of  fire.  Rain,  hot  sun  and  the  like  must  be  kept  away  from  explosives. 
Use  care  to  lay  sticks  or  set  the  boxes  or  baskets  containing  explosives  where  they 
will  not  fall  down,  be  blown  over  by  wind  or  knocked  over  by  careless  people 
or  by  animals.  Cattle  will  eat  sticks  of  dynamite,  or  powder,  because  of  their 
sweet  and  salty  taste.   The  explosive  will  make  them  sick,  sometimes  kill  them. 

Since  nitroglycerin  often  will  cause  headache  when  absorbed  through  the 
skin  it  is  best  to  wear  gloves  when  handling  the  sticks.  For  this  same  reason 
some  people  punch  holes  For  caps  in  the  sticks  with  a  piece  of  wood  rather  than 
with  the  handle  of  the  cap  crimper. 

Caps  should  not  be  carried  in  the  same  basket  or  box  as  explosive,  but  should 
be  carried  separately.  Take  only  enough  along  to  do  the  work  in  view  and 
carry  them  in  the  tin  boxes  they  come  in.  Many  serious  accidents  have  been 
caused  by  blasters  having  loose  caps  in  their  pockets  during  work  or  afterwards. 
Sooner  or  later  a  chance  jar  is  likely  to  set  them  off.  When  several  caps  have 
been  taken  out  of  the  little  tin  box  in  which  they  come  the  rest  will  be  loose  and 
will  rattle  about.  This  should  be  stopped  by  filling  up  the  empty  space  with 
paper. 

The  handling  of  caps  is  not  dangerous  provided  you  do  it  intelligently  and 
with  care.     Keep  them  safe  from  any  jars  or  heat     You  can  sometimes  do 
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many  foolish  things  with  dynamite  and  powder  without 
serious  results  to  yourself,  but  not  with  caps.    Letting  a  cap 

Handling  fall  to  the  ground  or  floor  likely  will  cause  it  to  explode.    For 

this  reason  you  should  keep  the  caps  and  explosives  apart, 
in  hauling,  storing,  and  handling,  bringing  them  together 

only  at  the  last  minute  before  you  prepare  the  charge  to  be  loaded  in  the  hole. 

One  cap  can  produce  an  explosion  powerful  enough  to  tear  your  hands  off. 

Electric  blasting  caps  must  be  handled  with  the  same  care  as  regular 
blasting  caps.  All  caps  must  be  protected  from  dampness  during  handling.  No 
trouble  will  be  experienced  if  you  use  common  sense  at  every  turn,  but  thought- 
lessness and  carelessness  in  the  handling  of  explosives  will  cause  disaster.  Bear 
in  mind  that  when  an  accident  happens  with  an  explosive  there  is  no  time  to 
save  yourself,  and  no  afterthought  will  prevent  serious  injury  to  you.  Fore- 
thou^t  is  the  thing  with  explosives.  In  an  explosive  you  are  handling  an  enor- 
mous strength.  The  fact  that  it  occupies  small  bulk  now  should  not  interfere 
Math  your  imagining  it  as  an  enormous  engine  with  power  enough  to  crush  you 
easily,  but  under  entire  control  if  you  do  your  part  right. 


Storing  Explosives  and  Supplies 

The  storing  of  dynamites  and  powders  on  farms  offers  no  serious  problems, 
though  it  may  call  for  some  shifting  of  arrangements  to  meet  proper  require- 
ments. The  explosive  must  be  kept  dry.  They  should  be  kept  cool.  This  means 
that  any  ordinary  temperature  of  the  air  is  all  right,  except  that  in  hot  weather 
the  room  where  the  explosive  is  kept  should  not  get  warmer  than  80  or  90 
degrees.  If  it  is  properly  ventilated  day  and  night  it  will  not.  Probably  the 
best  common  storage  place  for  explosive  is  in  an  outbuilding  under  the  floor  of 
which  the  air  circulates  freely  and  with  a  ceijing  between  the  room  and  the  roof. 
It  should  be  strong,  and  should  be  provided  with  a  lock.  A  responsible  person 
should  have  charge  of  the  key  at  all  times. 

The  explosive  should  not  be  kept  in  a  garret,  because  the  hot  sun  beating 
down  on  a  roof  will  raise  the  temperature  under  the  roof  away  past  the  100 
degree  mark. 

Dampness  is  injurious  to  explosives,  as  noted  on  page  48,  and  dynamites 
and  powders  must  be  kept  where  moist  air  will  not  surround  them.  The  ideal 
storage  would  be  fireproof,  but  since  this  is  out  of  the  question  on  the  average 
farm,  the  best  that  can  be  done  in  that  respect  is  to  guard  against  fire.  It  is 
well  to  make  sure  that  the  explosive  is  out  of  reach  of  any  stray  or  malicious 
bullet  that  might  be  fired  into  it. 

Look  to  your  insurance  policies  and  see  whether  they  provide  against  the 
storage  of  explosives  in  any  of  your  buildings.  Store  the  explosive  in  a  building 
not  covered  by  the  insurance. 

Where  large  quantities  of  explosives  are  to  be  stored  as  a  regular  thing, 
or  for  any  length  of  time,  it  is  advisable  to  consult  the  makers 
of  explosives  or  others  experienced  in  their  handling  in  regard 

Magazines       to  the  location  and  construction  of  a  magazine.    A  magazine 

can  be  set  up  cheaply  and  can  be  made  fireproof,  bullet  proof, 
thief  proof,  well  ventilated,  dry  and  safe  in  every  way.     It 

should  be  built  of  brick.    Any  explosive  maker  will  furnish  plans  without 

charge.     In  any  case  explosives  should  be  stored  at  least  50  yards  away  from 

any  other  buildings  and  from  roads  or  railroads. 
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Blasting  caps  of  any  kind  must  not  be  stored  with  dynamite  or  powder. 

Fuse  is  not  explosive  and  can  be  stored  with  dynamite  or  powder. 

Cflns         Blasting  caps  are  even  more  subject  to  damage  by  moisture  than 

^  explosive  and  must  be  stored  accordingly.   Caps  must  not  be  allowed 

to  become  heated. 

A  statement  of  the  ways  in  which  explosive  deteriorates  will  help  in 
selecting  a  prop)er  storage  place  for  it.     In  temperatures  higher  than  80  degrees 

troubles  may  begin.    Long  continued  temperatures  of 

90  to  100  degrees  may  cause  the  nitroglycerin  to  leak 

Deterioration  out  of  the  absorbing  material  and  to  gather  inside  the 

wrapping  on  the  lower  side  of  the  sticks,  or  may  even 
cause  it  to  leak  out  of  the  wrappings  through  the 
boxes   and   to   the  floor. 

Strict  watch  should  be  kept  of  the  sticks  and  the  boxes  to  catch  any  such 
condition.  If  leakage  occurs,  turn  the  explosive  over  and  reduce  the  temper- 
ature. Bum  the  empty  boxes  one  or  two  at  a  time  out  away  from  buildings, 
and  scrub  the  floor  where  the  leakage  occurred  with  a  strong  solution  of  sal 
soda.  This  will  decompose  the  nitroglycerin.  If  it  becomes  necessary  to  de- 
stroy a  little  explosive  without  detonating  it,  the  job  can  be  done  by  immersing 
it  until  dissolved  in  such  a  solution,  stirring  it  gently  with  a  wood  paddle. 

If  the  sticks  feel  smeary  it  is  possible  they  are  leaking.  The  test  is  to  lay 
them  on  white  pap)er  for  a  little  while.  If  they  are  leaking  they  will  stain  the 
paper,  otherwise  not. 

At  a  temp)erature  of  105  degrees  nitroglycerin  explosives  will  lose  10%  of 
their  strength  in  a  few  days  by  evaporation.  Rep)eated  freezing  and  thawing 
is  bad  for  explosives,  especially  if  the  thawing  is  rapid.  Slow  thawing  will  not 
damage  them  much.  After  explosive  once  is  frozen  and  thawed,  it  will  freeze 
much  easier  again. 

When  stored  for  many  months  explosives  are  liable  to  decomposition  of 
some  of  their  elements,  especially  if  they  get  damp  or  too  warm.  One  of  the 
marks  of  this  is  greenish  stains  inside  the  stick  wrappings.  No  length  of  time  can 
be  stated  for  the  keeping  of  explosives,  because  it  practically  all  depends  on 
conditions.  Under  favorable  conditions  most  dynamites  and  powders  will  re- 
main in  good  shape  for  years.  Again,  a  month  of  improper  storage  will  ruin 
them  and  make  them  dangerous  to  handle.  They  develop  troubles  sooner  in 
the  light  than  in  the  dark. 

Deteriorated  explosives  are  likely  to  be  dangerous — far  more  so  than  normal 
explosive.  Keep  watch  over  what  you  have  in  stock.  Maintain  proper  conditions 
as  far  as  possible,  but  if  they  show  troubles  do  not  hesitate  to  condemn  them. 

Shipping  Explosives 

The  shipping  of  high  explosives  is  controlled  by  the  Interstate  G>mmerce 
G)mmission,  and  the  rules  and  regulations  are  very  strict  and  rigid.  Most  of 
them  are  embodied  in  an  Act  of  Congress  of  March  4,  1909,  and  violations  are 
punishable  with  fines  of  not  more  than  $2,000,  or  imprisonment  for  not  more 
than  eighteen  months,  or  both.  The  p)erson  making  the  shipment  is 
responsible. 

A  copy  of  the  rules  and  regulations  can  be  secured  from  the  Bureau  of 
Elxplosives,  Underwood  Building,  New  York  City,  or  can  be  read  at  any  freight 
station  where  there  is  an  agent. 

The  rules  provide  that  no  explosives  (other  than  certain  exceptions  named) 
shall  be  carried  on  any  train,  boat,  trolley,  or  other  vehicle  carrying  passengers 
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for  hire,  and  that  no  explosives  under  deceptive  or  false  markings  or  under- 
standing shall  be  delivered  to  a  common  carrier;  and  further,  that  all  other 
regulations  shall  be  complied  with. 

In  shipping  by  railroad  no  caps  or  detonators  of  any  kind  can  be  sent  in 
the  same  car  with  explosives.  In  practice  the  railroads  usually  send  them  by 
another  train,  which  works  out  to  be  another  day  in  the  cases  of  nearly  all 
shipments.  This  is  responsible  for  some  delay  in  delivery  of  explosive  ship- 
ments. Do  not  expect  to  have  explosives  come  through  as  quickly  as  you  would 
other  freight. 

Elxplosives  cannot  be  shipped  by  express  or  by  mail,  but  are  sent  by 
freight,  the  same  as  groceries  or  dry  goods.  The  railroad  company  is  required 
to  place  the  packages  in  a  certain  way  inside  the  car  and  to  brace  them  with 
lumber.  In  case  of  car-lot  shipments  the  shipper  must  furnish  this  lumber  and 
do  the  bracing. 

The  regulations  provide  that  railroads  must  have  24  hours*  notice  of  ship- 
ment of  explosives,  and  that  shipmerds  must  be  remooedfrom  the  receiving  station 
within  24  hours  of  their  arrival  there.  The  packages  must  be  plainly  stenciled 
Mrith  the  name  of  shipp)er  and  consignee,  and  bills  of  lading  must  conform  with 
certain  specifications. 

Empty  boxes  which  once  have  contained  explosives  must  never  again  be 
used  for  shipments  of  any  kind.  Farmers  who  have  attempted  to  ship  vegetables 
or  other  farm  products  in  such  boxes  have  unwittingly  gotten  themselves  into 
trouble  on  account  of  this  regulation  more  than  once. 

Danger  and  Safety 

Modem  explosives  have  been  deveIop)ed  to  the  point  where  they  need  not 
be  feared  by  anyone  who  handles  them  intelligently.  Speaking  in  a  comparative 
way,  they  may  be  used  with  no  greater  dangers  than  there  is  in  the  using  of 
horses,  mowers,  traction  engines,  sawmills,  or  other  farm  equipment,  or  than 
there  is  in  using  shotguns  or  rifles. 

The  general  use  of  explosives  on  farms  is  so  new  that  many  p)eopIe  dis- 
trust them  more  because  of  their  newness  than  from  a  clear  understanding  of 
any  actual  dangers  their  use  may  hold.  A  review  of  what  the  dangers  are  may 
help  users  of  explosives  to  avoid  them,  and  may  help  to  build  up  the  reader's 
belief  in  the  scfdy  of  explosives. 

There  is  some  danger  in  the  handling  and  transporting  of  explosives,  but 
it  depends  very  largely  on  the  exposure  of  the  dynamite  or  powder  to  heat, 
flame,  sparks,  blows  and  friction.  The  directions  say  to  keep  explosives  dry, 
to  keep  them  at  a  temperature  less  than  90  or  100  degrees  F.,  to  keep  them 
safe  from  sparks,  and  to  avoid  blows  and  shocks.  If  these  directions  are  followed 
there  will  be  few  accidents. 

Probably  the  most  common  cause  of  accidents  with  explosives  lies  in 
violation  of  some  of  these  primary  rules  while  thawing  frozen  sticks  of  dynamite 
or  powder.  Freezing  makes  the  high  explosive  less  sensitive  to  the  simple 
direct  shock  of  a  blasting  cap,  unaccompanied,  as  it  is,  by  any  friction.  But  at 
the  same  time  freezing  makes  the  explosive  more  sensitive  to  friction  in  any  form. 

For  this  reason,  though  a  frozen  stick  of  dynamite  cannot  be  Bred  prop)erly 
by  a  blasting  cap,  it  is  very  likely  to  be  fired  prematurely  by  a  chance  light 
blow  from  any  object  touching  it,  by  your  slitting  the  wrapping  pap)er  with  a 
knife,  by  breaking  the  stick  in  two,  or  by  attempting  to  punch  a  hole  into  it  to 
insert  a  cap.  (These  op)erations  are  entirely  safe  when  the  explosive  is  normal.) 
If  the  stick  is  dipp)ed  in  warm  water  or  exposed  to  steam,  or  is  laid  on  anything 
which  is  warmer  than  about  125  degrees,  free  nitroglycerin  likely  will  leak  out 
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and  fall  in  drops.   And  one  drop  of  nitroglycerin  falling  only  a  few  inches  may  be 
exploded  itself  and  may  explode  all  dynamite  that  is  near  it. 

Throughout  the  entire  course  of  handling  the  explosive,  from  the  freight 
station  to  the  hole  in  the  stone  or  the  ground,  you  should  remember  the  five 
cautions  which  will  be  rep)eated:  Keep  it  dry,  keep  it  cool,  keep  it  away  from 
sparks  and  flame,  and  keep  it  safe  from  blows  and  friction.    Be  careful — as  ^ 

careful  as  you  would  in  driving  a  big  automobile  or  a  traction  engine.    Then  ^ 

you  will  be  secure  from  any  accidents,  and  explosives  will  be  entirely  safe  to 
handle. 
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INTRODUCTORY 

T-IIS  bulletin  is  published  by  The  Institute  of  Makers 
of  Explosives.    The  aim  is  to  give  the  united  con- 
clusions and  the  sum  of  the  experiences  to  date  of 
nearly  all  makers  of  explosives  and  of  farmers  who  have 
dealt  successfully  with  the  problem  of  stumps  in  fields, 
roads  or  any  land  to  be  cleaned  up. 

The  material  has  been  assembled  so  any  phase  of  it 
will  be  available  easily  and  quickly.  G>nflicts  of  opinion 
have  been  eliminated  in  favor  of  known  facts  and 
formulae.  The  bulletin  is  offered  as  a  manual  or  hand- 
book for  farmers,  home  and  road  builders,  contractors, 
park  makers  and  others  who  remove  stumps  from  land, 
and  as  a  textbook  for  students  of  agriculture. 

Readers  will  find  that  the  recommendations  are 
impartial,  and  that  the  suggestions  on  that  part  of  the 
work  which  can  be  done  best  with  explosives  are  par- 
ticularly complete. 
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To  Clear  or  not  to  Clear 

A  "ttump"  may  be  delined  as  any  kind  of  a  growth  that  obstructs  land, 
whether  it  is  the  butt  of  a  cut  tree,  a  tall  snag,  a  living  tree  or  a  bunch 
of  sprouts  or  bruih.  From  the  viewpoint  of  a  fanner  it  it  a  stump  if  it  ob- 
structs the  plowing  and  other  tillage  of  the  land. 


Tb«  Mrt  «f  wTKkaie  pnctlutllT  peifsct  ■tamp  blutia«  should  gjve.    The  plecet  u«  thttMted  M  Ihaj 
ve  ai;  to  hanille  ud  »  Chej  bnin  wclL 

Before  deciding  to  clear  land,  the  owner  should  consider  several  features 

of  the  matter  well.    The  reckless  slaughtering  of  the  timber  has  left  in  stumps 

many  thousands  of  acres  of  land  which  is  not  lit  for 

cultivation  and   that  should  go   back   into  Umber. 

When  Not  to  Clear      Such  land,  of  course,  should  not  be  cleared.    On  the 

other  hand  it  is  folly  to  permit  brush  land  which  has 

good  soil  to  lie  idle  when  a  hundred  years  will  not 

develop  profitable  timber  on  it. 

Much  land  that  it  in  woods  now  should  be  left  so,  for  timber  and  for  fuel. 
Every  farm  should  have  its  timber  tract,  where  the  forest  is  conserved  in  a 
way  to  make  it  permanent.  To  cut  young  growth  that  will  make  good  timber 
in  a  reasonable  time  is  a  mistake,  no  matter  how  good  the  soil  is.  Remember, 
too,  the  wind-break  value  of  a  piece  of  woods  adjoining  farm  land,  and  consider 
the  effect  on  land  you  now  farm  of  taking  away  the  protection  afforded. 

Do  not  clear  land  where  the  toil  is  too  stony  to  be  cultivated  to  advan- 
tage, or  land  that  is  exceptionally  steep  or  incurably  swampy.  Do  not  clear 
w^ien  the  profits  would  not  justify  the  clearing.  And  do  not  clear  when  you 
can  buy  equally  good  improved  land  for  less  than  the  cost  of  clearing. 

There  is  a  certain  sentimental  satisfaction  in  clearing  and  cleaning  up 
one's  own  place,  connecting  fields  and  improving  it  generally,  even  thou^ 
■uch  in4>roving  will  not  add  greatly  to  the  actual  money  income  from  the 
crops.    This  will  have  a  bearing  in  some  instances. 

But  hard-headed  judgment  should  not  be  swayed  too  much  by  sentiment, 
for  there  are  a  good  many  thousands  of  acres  that  have  been  cleared  and  now 
are  parts  of  farms,  which  it  would   be  wise  and  profitable  to  plant  to 


forest  Again.  Lay  out  your  clearing  cArefully.  Include  no  comers.  gulUes  or 
itecp  places  you  will  afterwards  neglect.  And  make  sure  your  field  is  ri^tly 
placed  in  relation  to  the  rest  of  the  farm. 


A  f«rti]fl  looUnf  field  which  coold  Dot  pouiblr  V^j  A  net  profit  oi  more  Ibui  half  what  it  abooM 
to  lou  u  the  ituiBlil  renuia  m  Ui«y  >is.  Two  or  thne  thk'  nin  m  cnna,  Br  l«i,  would  n*  lot 
lh«  bluUsf  out  ol  the  ■nuniiL 

About  new  clearing  there  may  be  some  question,  but  about  taking  out 
stumps  in  good  cultivated  land  there  can  be  none.  There  are  stumps  in  fields 
and  along  fences,  roatls.  hedges  and  on  home  groimds.  There  are  pastures 
that  are  pastures  and  not  wheat  fields  or  orchards  because  cultivation  among 
the  stumps  is  too  inconvenient.  There  are  old  fruit  trees  and  old  shade  trees 
that  are  diseased  and  a  menace.  All  these  should  come  out,  and  the  quicker 
they  come  out  the  better. 


Worth  Utile  <*«a  u  puliu-e  lud,  ocTer  riiios  in  nlue,  Inil  poleDUallj 
ii  cleued.  This  ia  the  »rt  of  nllcj  floor  that  rnihei  «^andid  Baldi  of  ot 


The  Profit  and  Loss  Account  of  Stumps 

The  man  who  is  taking  up  the  fanning  of  cut-over  land  knows  that  he 
cannot  do  much  until  the  stumps  are  removed.  But  lest  he  be  tempted  to 
pennit  some  of  them  to  remain  in  the  cultivated  fields,  as  many  men  on  older 
farms  are  doing,  it  is  well  to  point  out  some  of  the  losses  which  stumps  cause 
and  some  of  the  gain  which  their  removal  brings. 

No  farm  is  well  ordered  when  its  fields  are  foul,  and  no  fanner  commands 
the  respect  of  his  neighbors    when  stumps  are  crowding    out 
his  crops.    The  loss  in  self-respect  probably  is    even   more 
Appearance     serious. 

In  farming  stumpy  fields  a  man  does  not  have  that  sense 

of  having  done  his  best,  which  is  half  the  battle  for  success. 

Tool  breakage  is  another  source  of  loss  caused  by  atumps.     Plows  and 

furrows  are  broken,  mowing  machines  and  binders  are  both  broken  and  racked 

and  in  some  cases  the  use  of  machinery  is  prevented.    Heavy  engine  tools 

cannot  be  used  at  all  where  there  are  roots  in  the  ground. 

Greater  speed  and  ease  of  cultivation  is  a  prime  reason  for  taking  out 
stumps.     The  use  of  gang  plows,  wide  harrows  and  other  modem  labor-  and 


rtihi^  rtiw  i¥ii 

time-saving  equipment  and  methods  is  practical  and  economical  only  on  land 
that  is  clean,  both  above  and  below  the  surface.  And  such  use  is  becomittg 
of  more  and  more  importance,  as  farm  wages  go  higher  and  labor  becomes 
scarcer. 

The  injury  to  horses  often  is  much  greater  from  a  money  standpoint. 
Spavins  and  sprains  recult  from  jerks  against  roots.  Mares  are  caused  to  slink 
foals,  young  horses  are  made  balky.  The  danger  of  injury  to  men  is  by  no 
means  absent.  The  kick  of  plow  handles  rupture  many  men,  and  every  year 
sees  its  quota  of  broken  arms  and  legs  among  fanners  who  try  to  plow,  culti- 
vate or  mow  among  stumps. 

Weed  spread  is  a  thing  that  must  be  charged  up  to  stumps.  They  grow 
about  the  stumps,  mature  seed  and  pollute  the  whole  fann. 


Just  as  the  presence  (if  stumps  tends  to  lower  the  value  of  land  and  to 
keep  it  down,  clearing  off  the  stumps  will  raise  it  and  keep  it 
on  the  increase.    Once  start  to  clearing  away  the  stumps  on 
Increased        your  place  and  the  neighbors  and  people  who  pau  cm  the  roads 
Pioductioil      will  take  it  (or  granted  that  the  place  is  a  paying  proposition, 
worth  developing.    If  you  want  to  sell  it,  there  is  no  surer  way 
of  adding  a  few  hundred  or  a  few  thousand  dollars  to  the  sell- 
ing price.    To  hold  stump  land  for  increase  in  value  is  a  mistake.    Clear  it  up 
anjfartx  ihe  incrtase. 

The  actual  gain  in  crops  to  be  secured  by  the  removal  of  stumps  can  be 
measured  by  the  proportion  of  the  total  ground  that  they  occupy.  For 
instance,  in  many  cases  a  stump  takes  up  a  square  rod  of  ground.  In  meas- 
uring the  value  of  the  removal  of  stumps,  the  gain  in  crops  and  in  speed  and 
ease  of  working  the  ground  should  be  compared,  not  with  the  total  value  of 
the  crop,  but  with  the  net  profit  before  stumps  are  removed.    Thus,  if  a 


25'bushel  crop  of  wheat  costs  20  bushels  to  grow,  the  addition  of  5 
bushels  to  the  yield  will  increase  the  net  profit  100  per  cent.  Two  dozen 
stumps  to  the  acre  may  occupy  such  a  large  part  of  the  acre  that  their 
removal  will  double  the  net  profit. 

The  clearing  up  of  land  can  be  made  to  mean  something  more  than  the 
financial  profit  it  brings,  for  when  properly  handled  it  well  can  be  made  one 
of  the  links  that  hold  the  boys  to  the  fann.  Once  a  boy  has  helped  to  develop 
a  property  in  a  way  that  he  enjoys  he  will  remember  that  place  as  home  a» 
long  as  he  lives.  And  boys  will  be  enthusiastic  over  the  clearing  operations, 
with  the  necessary  planning  for  new  fields,  the  blasting  and  stump  pulling, 
and  the  burning  afterwards,  if  the  work  is  managed  along  some  of  the  newer 
lines  which  take  out  the  drudgery. 

The  Essentials  of  Good  Stump  Removing 
Before  settling  on  a  plan  for  removing  stumps,  it  is  well  to  have  clearly 
before  you  just  what  is  required. 


The  stumps  must  come  out  entirely,  or  at  leut  deep  mough  so  that  rooti 
never  will  catch  plows  or  other  implements.  Stumps  with  roots  must  be  dis- 
posed of  as  profitably  as  possible,  used  if  possible,  or  burned  cheaply.  They 
c^en  can  be  sold  or  used  at  home  for  firewood  of  some  kind,  or  sold  for  extract 


Vhen  «U  the  Haas  of  ■  waod«-lat  ue  col  down,  th*  crotuid  galdom  la  protected  from  uunuli  and 
*D  tcaated  as  to  crow  a  naw  piM*  el  loiaat.  But  it  ahooM  either  be  put  In  foreit  or  cleuHil  np 
and  fumed.  The  (i««d  itamps  ahmUd  b*  lafl  iluid  «  Muoa,  Iben  ibanld  b*  Muled  out  with  about 
four  charfea  each.    Ther  are  ahiioat  Impoaaible  to  pull  economlally. 

purposes.  Failing  this,  they  must  be  burned  on  the  ground  with  as  little  dam- 
age to  the  soil  as  possible.  In  any  case  they  must  be  broken  into  pieces  small 
enough  to  handle  by  hand,  unless  derricks  and  power  are  to  be  used  to  handle 
them. 

The  total  money  expense  of  the  clearing  project  must  be  within  the  capi- 
tal available  for  the  purpose,  and  the  labor  and  time  required  must  not  exceed 
the  supply.  The  condition  in  which  the  ground  is  left  also  is  important.  The 
holes  should  be  shallow,  and  the  less  littering  and  tearing  up  of  the  surface 
there  is,  the  better.  The  work  usually  should  be  finished  in  time  for  planting 
a  crop  in  the  spring,  for  the  loss  of  a  year's  time  costs  money. 

These  are  the  things  which  should  be  included  in  the  plans  for  clearing. 

Nature  of  Stumps  and  Conditions  Affecting 
Their  Removal 

There  are  about  500  diiferent  varieties  of  trees  which  make  stumps  in 
America,  and  it  is  not  advisable  to  classify  them  alt  in  this  bulletin.  What 
is  <rf  value  is  to  review  the  nature  of  their  roots. 

There  are  three  general  types  of  roots — lateral  roots,  semi-tap  roots  and 
tap  roots.  (See  cuts,  pages  24  to  26.)  Some  varieties  of  trees  always  grow  in  one 
way:  other  varieties  grow  in  either  of  two  ways,  depending  on  soil  conditions. 
The  stumps  of  some  trees  rot  fast,  while  others  are  very  durable.  Some  roots 
die  when  the  trees  are  cut;  others  throw  up  sprouts.  The  wood  of  s(»ne  roots 
is  tough  and  can  be  twisted  a  great  deal  without  breaking:  of  other  varieties 
it  is  Imttle  and  will  break  off  when  bent  or  jerked. 


TTOical  tap-root  Mumps  are  long'leaf  southern  pine,  hickory  and  black 
gum.    Some  of  theie  treei  grow  a  root  that  is  almost  as  big  u  the  trunk,  ex- 
tending straight  down  into  the  ground.    Others  have  slender 
roots.    Sometimes  these  tap-rooti  send  out  lateral  roots  of 
Root  Growth      tome  size,  but  in  other  cases  the  laterals  are  limited  to  hun- 
dreds of  short,  hair-like  rootlets  growing  from  the  main  tap- 
root.   The  tap-root  itself  sometimes  splits  at  a  point  several 
feet  underground  into  several  smaller  roots,  all  of  them  continuing  to  grow 
nearly  straight  down. 

Typical  lateral  root  stumps  are  ekns,  soft  maple^  locust,  dogwood,  elder, 
hemlock  and  some  cypress,  llie  roots  of  these  trees  grow  in  all  directions  from 
the  trimk  near  the  surface  of  the  ground.  Working  the  ground  close  about  such 
stumps  is  next  to  impossible. 

The  largest  class  of  stumps  is  the  semi-tap-root  class.  Belonging  to  this 
class  are  white  pine,  poplar,  chestnut,  ash,  walnut,  red,  black,  pin  and  other 
oaks,  persinunon  and  sassafras.    Stumps  of  this  class  are  harder  to  remove 


jndcrfallr  praductiTS  meadovi,  for  timottiT,  alfiUl  «  ot 
lining  itump  flutB.  This  land  wu  i  Uaglg  ot  aid  Io(b  u 
LB  t*lica.     tHLchigui  Land  &  Lombei  Company.) 


than  either  of  the  other  two  types,  because  the  roots  generally  are  big  and 
strong  and  grow  in  all  directions,  some  along  the  surface,  others  almost  straight 
down  and  still  others  between. 

What  may  be  classed  as  a  fourth  division  is  composed  of  the  root  clusters 
of  sprouts  and  bushes  of  almost  any  sort  of  trees,  whose  grovrth  has  not  yet 
taken  the  characteristic  form.  Bru^  of  willow,  eider,  maple,  chestnut,  hick- 
ory, oak  and  witchhazel  may  be  named.  The  rooU  are  very  firmly  anchored 
in  the  ground  for  a  distance  of  three  or  four  feet  in  alt  directions. 

The  nature  of  the  soil  and  the  height  of  the  water-table  in  it  have  much 
to  do  with  determining  the  root  growth.  A  hemlock  tree,  for  instance, 
will  send  its  roots  down  till  they  almost  take  on  the  nature  of  the  semi-tap- 
root class  in  soil  that  is  loose,  free  from  stones  and  dry.  The  same  tree  would 
have  few  roots  deeper  in  the  ground  than  6  inches  where  the  soil  is  hard  and 
the  water-table  near  the  surface.    The  root  growth  of  other  varieties  of  trees 


U  affected  by  water  and  soil  in  the  same  way.  A  tree  that  grows  on  a  steep 
l^lside  probably  will  have  heavier  roots  on  the  sides  than  on  the  downhill 
and  uphill  grades. 


it  land  U  cipMulv*  to  dor  bul  It  Is  aic«ptiao*llf  lens* 


Some  stumps  are  durable  and  others  will  rot  very  fast.  White  pine, 
Norway  pine,  locust  and  cedar  stumps  will  last  fifty  years  without 
decaying  enough  to  make  much  difference  in  the  work  of  their 
Rottiog  removal.  Chestnut,  white  oak  and  cataipa  are  nearly  as  durable. 
The  other  oaks,  poplar,  ash,  hemlock,  hickory  and  gum  rot  so 
fast  that  in  a  few  years  a  team  of  horses  can  roll  out  stumps  of 
coiuiderable  size. 

It  should  be  understood  that  during  the  first  season,  after  any  variety  of 
tree  is  cut  and  the  stump  and  roots  die,  the  bark  and  soft  outer  layer  of  wood 
rots  away,  making  the  roots  loose  in  their  earth  channels.  It  is  the  inner  or 
mature  wood  which  lasts. 

Another  characteristic  of  stumps  which  is  of  importance  in  clearing  plans 

is  their  sprouting.     None  of  the  pine  stumps  will  qirout  when 

a  tree  is  cut,  but  nearly  all  the  hardwood  stumps  will  do  so. 

Sprouting     Chestnut  is  a  great  sprouter.    A  stump  that  does  not  sprout  is 

not  getting  any  worse  as  time  passes,  but  one  that  does  sprout 

is  likely  to  be  harder  to  take  out  each  succeeding  season. 

All  kinds  of  stumps  pull  easier  when  the  ground  is  wet  than  when  dry. 

Explosives  are  more  efficient  in  wet  ground  than  in  dry.     Pulling 

machinery  ordinarily  is  handicapped  in  very  wet  ground,  because 

Water       of  the  kck  of  firm  footing. 

The  nature  of  the  soil,  whether  light  or  heavy,  has  a  consider- 
able effect  on  the  way  stumps  come  out  of  the  ground.    Naturally 
a  loose,  fluffy  sand  will  hold  the  roots  less  than  heavy  clay.    Pulling  them  out 


cS  sand,  therefore,  is  much  easier  than  out  of  heavy  soil.    On  the  other  hand, 
light  soil  will  not  confine  the  gases  of  explosives  nearly  as  well  as  clay.    In 
sand  the  greater  ease  of  tearing  the  roots  loose  is  nx>re  than 
Kinds  of  Soil      offset  by  the  lowered  efficiency  of  the  blast. 

The  foregoing  principles  should  be  of  more  actual  ser- 
vice to  land  clearers  than  a  description  of  the  conditions  in  difierent  sections. 
If  your  stumps  are  Southern  long-leaf  pine,  you'  know  they  will  not  sprout, 
and  arc  of  the  tap-root  class.  If  they  are  white  pine  ai  Michigan  or  Maine,  you 
know  they  are  of  the  semi-tap-root  class,  that  they  will  not  sprout  and  that  uiey 


probably  will  outlast  you  if  you  do  not  move  them.  In  case  of  a  locust  stump 
in  Oklahoma,  you  know  that  you  have  a  lateral  root  stump  to  deal  with,  that 
will  sprout  and  that  will  last  as  l<mg  as  the  white  pine.  These  illustrations 
serve  to  point  out  how  every  reader  can  classify  his  own  stumps  as  to  facts 
about  them  that  are  important  from  the  clearing  standpoint. 

Methods  of  Ciearing  Land  of  Stumps 

A  half-dozen  methods  of  removing  stumps  are  more  or  less  well  developed 
throughout  the  country.  Everyone  who  clears  land,  whether  it  is  only  the  re- 
moval of  stumps  from  cultivated  fields  or  the  clearing  up  of  logged-off  areas, 
should  study  the  different  systems  in  order  to  decide  which  <J  them  is  best 
under  any  particular  conditions.  No  one  method  is  best  all  the  time,  and  in 
nearly  every  case  a  combination  of  various  means  will  be  found  most  effective. 

Lish  of  Mithodi 

Digging  out  the  stumps  by  hand. 

frilling  the  stumps.  The  pulling  may  be  done  with  horses  or  machines. 
The  pull  may  be  direct,  or  may  be  doubled  or  tripled  in  force  by  means  of 
blocks  and  cable  or  rope.  If  with  machines,  it  may  be  with  a  traction 
engine  hauling  direct,  a  donkey  engine  hauling  by  means  of  a  drum  and 
cable,  a  capstan  puller  run  by  horse  power  or  man  power,  or  a  tripod 
puller  which  lifts  the  stumps  straight  up.    (See  pages  15  to  21.) 

Burning  the  stumps.  The  old-fashioned  practice  was  to  start  a  fire  along- 
ude  a  stump  and  keep  it  going  till  the  stump  was  consumed.  Charpit  burn- 
ing consists  of  keeping  an  intensely  hot  but  small  fire  about  the  base  of  a  stump 
luider  a  covering  (A  earth.  Another  method  is  to  bore  auger  holes  through  the 
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stump  or  part  way  through,  to  form  draft  holes  and  flues.  A  favorite  method 
in  some  sections  is  to  bum  out  the  roots  with  a  gasoline  torch  to  a  depth  below 
the  plow  line. 

Finally,  there  is  the  use  of  explosives  to  blast  out  the  stumps. 

G>mbinations  of  methods  very  often  are  valuable,  and  are  recommended 
at  proper  points. 

Stump  Disposal  W 

The  land  clearer  must  remember  the  necessity  of  disposing  of  stumps 
after  they  are  out  of  the  ground.  It  is  expensive  and  difficult  to  haul  or 
bum  whole  stumps.  Several  hundreds  of  pounds  of  earth  nearly  always  stick 
to  the  roots  of  big  stumps  taken  out  unbroken.  For  this  reason  wherever  it 
is  possible  to  do  so  the  stumps  should  be  broken  into  pieces  small  enough  to  be 
handled  easily  before  the  job  is  considered  done,  lliere  is  no  comparing  the 
cost  of  burning  stumps,  when  they  have  to  be  piled  by  means  of  a  derrick, 
with  the  cost  when  they  can  be  handled  by  hand. 


Choice  of  a  Method 

Whether  to  remove  stumps  when  they  are  green  or  to  let  them  decay  a 
year  or  more  is  a  problem  to  be  decided  by  your  plans  and  the  uses  to  which 

you  will  put  the  land.    Newly  cut-over  land  is  clean.    It  has 

few  weeds  and  no  sprouts.    In  one  season  it  will  not  develop 

Green  vs.         much  of  this  growth,  but  in  two  or  more  seasons  it  will, 

Old  Stumps      and  will  be  very  much  harder  to  clear  than  it  would  have 

been  the  first  year. 

The  stumps  are  hard  to  take  out  while  they  are  green. 
It  costs  much  more  to  do  the  work  then  than  a  year  or  more  later,  after  the 
bark  and  sap-wood  has  rotted  from  the  roots. 

But  it  costs  money  to  miss  crops,  too,  and  if  you  are  ready  to  put  the 
ground  to  work  at  once,  it  is  folly  to  wait  for  the  stumps  to  rot.  To  wait  from 
summer  till  the  following  spring  is  not  a  bad  idea,  for  that  loses  little  or  no 
time,  2Lnd  starts  the  rotting  process  which  makes  removal  easier  and  cheaper. 
Speaking  in  general  of  pulling  and  blasting,  pulling  the  stumps  probably 
is  better  and  cheaper  when  the  stumps  are  very  small,  and  blasting  when  they 
are  large.  Where  a  large  number  of  big  stumps  are  to  be  removed  a 
combination  of  the  two  methods  is  advisable. 

When  stumps  are  small  or  numerous  they  can  be  pulled  by  a  team  of 
horses  hitched  direct,  by  a  capstan  puller,  traction  engine  or  donkey  engine, 

with  ease  and  speed.    The  pulled  stumps  can  be  handled  by 

hand  directly,  and  disposed  of  without  trouble.    The  same 

Pulling  and        is  true  to  a  lesser  degree  when  larger  stumps  grow  small  and 

Blasting  shallow  roots,  which  require  but  little  power  to  lift  and  move. 

For  stumps  larger  than  3  to  5  inches,  explosives  can  ^ 
be  used  alone  effectively  and  economically,  though  there  are  V 
important  considerations  which  modify  such  a  rule.  One  of  them  is  that  of 
soil.  Elxplosives  work  more  effectively  in  heavy,  tight  soil,  such  as  moist  clay, 
than  in  dry  sand.  Therefore,  in  dry,  light  soil  it  often  is  cheaper  to  pull  all 
the  stumps  not  too  large  to  handle  without  breaking  up,  while  in  heavy  soil  it 
usually  is  cheaper  to  pull  only  very  small  stumps  that  will  come  out  easily, 
and  to  use  explosives,  alone  or  in  combination,  for  everything  larger. 
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Old,  well-decayed  stumps  too  big  to  handle  iKould  be  removed  with  ex- 
plotivet  altKie.  Small  green  stumps  may  be  blasted  out  clean,  roots  and  all, 
but  large  green  stumps  nearly  always  require  a  combination  of  methods,  as. 
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for  instance,  blasting  and  team  pulling,  or  pulling  with  a  capstan  puller.  The 
cost  of  explosives  often  can  be  cut  down  by  making  use  of  such  a  combination 
oS  methods.  A  heavy  team,  or  other  means  of  pulling,  will  take  out  roots 
after  the  ground  has  been  loosened  with  explosives. 

Tap-root  stumps  larger  than  your  arm  should  be  blasted.  Tap-root 
stumps  cannot  be  pulled  to  advantage,  though  when  very  small  they  can  be 
broken  off  by  a  side  pull.  Where  land  is  swampy  on  the  surface,  and  roots 
consequently  lie  shallow,  a  heavy  team  often  can  rip  out  stumps  by  direct 
pull,  even  up  to  fifteen  inches  in  diameter. 

Large  stumps  that  are  pulled  may  be  broken  up  afterward  with  small 
charges  of  explosives  placed  in  auger  holes,  but  in  general  it  may  be  stated 
that  large  stumps  should  be  blasted  first. 

The  folly  of  pulling  out  stumps  that  are  big,  and  then  spending  as  much 
money  in  getting  rid  of  them  as  it  costs  to  pull  them,  will  be  plain  to  any  one. 
They  can  be  disposed  of  at  a  fraction  of  the  cost  when  they  are  well  broken  up. 

A  more  detailed  consideration  of  the  pulling  of  stumps  probably  is  de- 
sirable. Pullers  are  most  successful  in  the  loose  jack  pine  land  of  the  North 
and  the  similar  pine  land  in  the  South,  and  in  clearing  hardwood  cut-over 
land  where  nearly  all  the  stumps  are  small.  They  are 
particularly  serviceable  where  the  stumps  stand  close  to- 
Capstan  Puller  gether,  measure  3  to  6  inches  and  have  root  systnns  which 
do  not  bring  up  much  dirt.  Under  such  conditions  a  stump 
puller  is  a  good  investment,  especially  where  there  is  plenty 
of  man  and  horse  labor  available  at  low  cost. 

But  it  does  not  pay  to  buy  a  machine  for  a  small  acreage  of  clearings 
only  where  a  considerable  quantity  of  clearing  is  to  be  done.  In  vicinities 
where  the  soil  is  light  and  there  are  many  stumps  on  newly  cut-over  land. 


teveral  farmers  should  co-operate  in  the  purchate  (rf  a  stump  puller  and  ^ould 

help  one  another  to  use  it. 

A  stump  puller  works  to  least  advantage  under  clay  soil  conditions.  An- 
other factor  is  the  water  in  the 
ground.  The  ground  must  be  fairly 
dry  when  the  machine  is  used,  even 
though  the  stumps  require  harder 
pulls  then  than  when  the  ground 
is  water-soaked.  In  mud,  horses 
soon  become  mired  deeply.  Pull- 
ing  of  stumps  must  be  done  in  the 
summer  or  fall.  Of  course,  they 
cannot  be  pulled  when  the  ground 
is  frozen. 

A  capstan  puller  can  be  used 
on  a  moderately  steep  hill,  though 
the  cost  of  pulling  the  stumps  from 
such  ground  will  be  greater  than 
from  level   land.    Whenever  it  is 
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A  donkey  engine  outfit  especially  designed  for  stump 

pulling  can  be  used  effectively  and  with  success.    It  makes 

Donkey  Engine    an  expensive  outfit,  however,  and  unless  there  are  several 

hundred  acres  of  clearing  to  do,  consideration  of  it  may  be 

dropped.    In  the  case  of  very  large  acreage,  it  is  the  logical 

form  of  capstan  puller  to  use. 

A  traction  engine,  pulling  stumps  direct,  is  a  very  effective  means  of  get- 
ting stumps  out.    In  fact,  when  such  an  engme  is  available  it  is  doubtful  if  the 
purchase  of  any  other  machine  ought  to  be  considered. 
Both  traction  and  donkey  engine  pulling  is  subject  to  the 
Traction  En^e      same  limitations  as  pulling  by   any  other  means,   and 
should  be  confined  to  such  work  as  they  can  do  to  ad- 
vantage in  comparison  with  explosives  or  other  methods. 
The  detailed  consideration  of  the  blasting  of  stumps  may  be  short  and  to 
the  point.    The  use  of  explosives  reduces  the  labor  of  land  clearing  greatly. 
One  or  two  men  with  explosives  can  do  the  work  of  a  large  crew  with  pullers 
or  fire. 

The  stumps  can  be  blasted  out  clean.    Thousands  and  thousands  of  acres 
of  stump  land  arc  cleared  completely  every  year  with  ex- 
plosives alone.     While  the  use  of  some  means  of  pulling 
Wlien  to  Blast       in  connection  with  explosives  undoubtedly  cuts  down  the 
cost  on  a  large  tract  of  clearing,  the  added  ease  and  speed 
of  the  work  of  explosives  alone  is  considered  by  many 
people  to  offset  this  economy.    For  small  tracts  or  a  few  stumps  it  is  fooli^ 
to  provide  pulling  facilities.    Do  the  work  with  explosives. 

The  blasting  splits  the  stumps  into  pieces  easy  to  handle,  and  to  sell  or 
bum.  When  it  is  not  desired  to  blast  stumps  out  clean,  the  charges  can  be 
kept  down  and  the  stumps  split  and  the  dirt  loosened  and  thrown  away  from 
the  roots.    The  blasting  does  the  work  in  a  short  time. 


The  invetttnent  of  money  is 
kept  down  when  explosives  alone 
are  used.  There  is  no  machinery  or 
equipment  left  on  your  hands  after 
the  clearing  is  done.  Yet  the  best 
UK  of  stump  pullers  and  of  explo- 
sives is  mainly  distinct  and  differ- 
ent, and  they  should  be  considered, 
not  in  competition,  but  in  combi- 
nation. A  good  team  and  a  supply 
of  explosive  material  is  a  winning 
combination  nearly  every  time,  and 
explosives  are  bound  to  play  an 
important  part  in  nearly  every 
land-clearing  operation. 

Diggmg  out  stumps  is  practi- 
cable under  certain  exceptional  cir- 
cumstances. If  you  cannot  get 
explosives  and  if  you  have  men 
who  are  doing  nothing,  they  may 
be  put  to  digging  out  stumps;  but 
if  wages  have  to  be  paid,  such 
clearing  is  bound  to  cost  four  or 
five  times  as  much  as  when  the 
work  is  done  by  better  methods. 
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Burning  by  charpitting  is  a 
practicable  and  cheap  method  of 
getting  rid  of  soft  wood  stumps  of 
large  size  and  in  heavy  or  clay  soil 
when  the  weather  is  dry  for  two 
months  or  more  at  a  time.  It  is 
not  successful  in  lighter  soils.  It  is 
costly  when  labor  must  be  hired 
for  the  purpose,  and  wastes  time. 
This  method  of  removing  stumps 
is  chiefly  valuable  for  settlers  of 
logged-off  or  cut-over  land  who 
must  fight  their  way  through  with 
little  or  no  money. 

Burning  by 
means  of  auger 
When  to  Bum       holes,  and    the 
use  of  oil,   are 
freak    methods 
not  suitable  for  general  use.    They 
should    not   be  attempted   when 
the  clearing  operation  is  seriously 
intended  to  be  economical.     Burn- 
ing with  a  torch  of  some  kind  is 
effective,  but  expensive. 


Detailed  Directions  for  Clearing  Land  of  Stumps 

Digging  Out  Stamps 
If  you  dig  right  down  after  the  root*,  trenching  to  bare  them,  cutting  them 
off  with  an  axe  first  at  the  sides  and  then  underneath,  the^stumps  can  be 
rolled  out  as  though  they  were  pulled.  -  The  cost  is  high. 
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If  possible  to  know  beforehand  that  you  must  dig  stumps  out,  do  it  be- 
fore the  trees  are  cut.  Dig  a  trench  about  them, 
taking  away  the  support,  and  cut  the  lateral  roots. 
Trench  about  Trees  and  then  let  the  wind  and  water  finish  the  job.  The 
water  in  the  trench  will  soften  the  subsoil.  The  best 
time  of  year  to  do  it  is  in  the  spring,  when  the  wind 
is  strong  and  the  ground  Js  loose. 

Burning  Out  &umps 

Charpitting  is  perhaps  the  best  method  of  burning  stumps.    The  fire  is 

kept  burning  at  the  base  of  the  stump  till  it  bums  entirely  throu^  and  till 

the  top  is  consumed  as  it  settles  down  and  the  roots  are  eaten 

out  to  a  proper  depth  below  the  surface  of  the  ground.    The 

Charpitting      fire  is  confined  by  a  covering  of  earth. 

Charpitting  is  effective  only  when  heavy  grounds  can  be 
secured  to  cover  the  fire.   Sand,  loam  or  other  light  soil  cannot 
be  used  for  the  purpose  successfully. 

The  stumps  should  be  reasonably  dry,  and  the  weather  should  be  dry 
during  the  burning  process,  which  takes  two  to  six  weeks.    Light  showers  are 
not  objectionable,  but  heavy,  settled  rains  cause  failure.     Pine  stumps  bum 
best,  because  of  the  pitchy  nature  of  the  sap  remaining.    Any 
other  soft  wood  can  be  burned  this  way.    The  successful  bum- 
Conditions      ing  out  of  hardwoods  requires  favorable  conditions  in  all  re- 
spects, and  is  rather  doubtful  in  the  hands  of  inexperienced 
operators. 
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The  procedure  is  as  follows:  Remove  the  bark  from  the  base  at  least. 
On  some  stumps  it  is  necessary  to  dig  away  a  little  dirt.  The  fire  should  be 
started  low  enough  so  that  it  will  bum  in  under  the  stump  at  the  spaces  be- 
tween the  roots. 

Gather  some  fuel  wood — any  kind  that  will  make  good 

coals,  though  mixed  oak  and  a  little  pine  likely  will  be    best. 

Directions      Cut  this  wood  like  stove  wood — say  about  a  foot  long,  and  split 

fairly  fine.  Lay  and  stand  the  sticks  round  the  stump  till  you 
have  a  layer  at  least  6  or  8  inches  thick.  You  can  pile  wood 
and  start  the  fire  entirely  round  the  stump,  or  only  about  a  quarter  of  the 
way  round  as  you  prdFer.  Putting  wood  all  round  takes  more  wood 
and  more  time  to  prepare,  but  bums  the  stump  out  quicker  and  has  more 
chance  of  success. 

After  the  wood  is  in  place  it  must  be  covered  with  a  little  straw,  fem  or 
other  material  of  the  kind,  and  then  with  a  thin  layer  of  dirt.  The  dirt  layer 
should  not  be  more  than  3  or  4  inches  thick.  It  must  be  of  clay  or  very  heavy 
soil.  The  dirt  should  be  piled  against  the  stump  up  to  about  18  inches  high, 
but  no  higher. 

Start  the  fire  at  each  quarter  of  the  space  round  the  stump.  That  is,  if 
the  wood  runs  only  a  quarter  way  round,  start  one  fire;  if  all  the  way  round, 
start  4  fires.  Leave  the  holes  where  the  fire  is  started  open  only  for  a  little 
while,  and  then  cover  them  up. 

The  fire  must  be  kept  covered  all  the  time  and  never  be  allowed  to  bum 
into  an  open  blaze.  It  is  really  smouldering  and  coaling  of  the  wood.  When 
the  fire  blazes  much  of  the  fuel  supplied  is  bumed  up  and  the  heat  is  lost  in- 
stead of  forced  to  eat  its  way  into  the  stump.  The  object  is  to  confine 
the  heat.  When  this  is  properly  done  the  fire  becomes  intensely  hot  round 
the  stump. 

As  the  stump  bums  through  and  the  fire  goes  deeper,  the  dirt  cover  may 
break  through.  Such  places  must  be  covered  with  more  dirt.  If  the  fire  bums 
higher  up  the  stump  than  where  the  dirt  is  piled  in  the  first  place,  put  it  out 
up  there  instead  of  trying  to  pile  the  dirt  higher. 

As  soon  as  the  stump  is  bumed  through,  the  top  will  settle  down  and  con- 
tinue to  bum.  Keep  the  fire  covered  over  the  ends  of  roots  that  bum  off,  so 
it  will  eat  its  way  deep  into  the  ground.  If  it  breaks  out  to  the  air  it  will  not 
bum  far.  While  the  stumps  are  burning  they  must  be  watched  and  visited 
several  times  a  day. 

The  cost  of  charpitting  in  the  manner  described  is  high  when  the  actual 
time  of  the  oi>erator  must  be  accounted  for  at  regular  rates  of  wages. 

Another  good  method  of  burning  that  really  is  charpitting  of  a  modified 
form,  is  to  saw  the  stumps  off  close  to  the  ground,  block  up  the  top  part,  and 

to  start  a  fire  between  the  two  sawed  faces.    The  faces 
should  be  as  close  together  as  possible  while  allowing 
Idaho  Chaipittmg     the  fire  to  be  started  and  to  bum.    Bank  up  the  out- 
side with  dirt,  as  directed  in  preceding  paragraphs,  and 
keep  the  fire  covered  till  the  stump,  roots  and  all.,  is 
consumed.    Use  stones  to  hold  the  two  parts  of  the  stump  apart.    It  is  best 
to  do  the  sawing  in  the  winter  and  raise  the  top  part  then,  leaving  it  to  dry 
out  several  months.    The  burning  is  done  best  in  the  summer. 
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Burning  with  a  torch  is  simply  a  matter  of  digging  away  the  ground  from 

the  roots,  and  applying  the  intensely  hot  flame  at  a  point 

below  the  plow  line.    Torch  burning  is  expensive  business 

Torch  Burning      when  time  and  fuel  costs  are  counted  up.    The  best  kind 

of  a  torch  to  use  is  one  with  a  fan  or  bellows.  The  kind 
of  fuel  used  by  the  torch  is  not  important,  except  that  some  fuels  bum 
better  than  others.    Gasoline  perhaps  is  best.  ^ 

A  modification  of  charpitting  sometimes  is  advisable  in  the  case  of  pastur- 
ing the  land  for  several  years.     The  stumps  are  split  and  their  roots  un- 
covered  with  small   charges  of  explosives.     When   they 
are  thoroly  dry,  wood  is  piled  between  and  over  the  split 
Plain  Burning      tops   of  the  stumps  and  the  whole  thing  is  set  on  fire. 

With  a  little  attention  to  keeping  the  burning  ends  of  the 
roots  covered  with  ashes  and  dirt  toward  the  last,  stumps 
may  be  consumed  entirely  by  this  method.  It  is  not  nearly  so  much  trouble 
as  charpitting,  because  the  fire  bums  fiercely  in  the  dry,  shattered  tops,  and 
needs  no  attention  other  thzin  the  first  piling  of  the  fuel  till  it  is  time  to  look 
after  the  buming  out  of  roots. 

Pulling  Out  Stumps 

Four  forms  of  pulling  are  worth  considering.  These  are  by  horses  direct, 
with  hand  pullers  and  capstan  pullers,  and  with  donkey  engines  and  traction 
engines. 

A  good  heavy  team  of  steady  horses  will  take  out  most  of  the  stumps  which 

should  be  pulled  whole,  and  almost  any  roots  left  by  proper 

use  of   explosives  where  blasting  and  pulling  are  used  in 

Four  Forms      combination.     You  will  need  a  couple  of  good  log  chains 

of  Pulling  and  a  regular  outfit  of  singletrees  and  spreaders.     To  m- 

crease  the  strength  of  the  direct  pull,  you  can  use  a 
frame  made  of  6  by  6  pine  pieces  in  the  shape  of  the  letter 
A.  Make  it  6  feet  high.  Attach  a  short  piece  of  chain  round  the  tip  of  the  A, 
to  run  down  to  the  roots  over  the  top  of  the  stump,  or  else  run  the  main  chain 
from  the  horses  over  the  top  of  this  frame  before  attaching  to  the  stump.  Such 
a  haul  will  upset  a  stump  much  easier  than  a  direct  hitch. 

If  you  have  to  pull  without  the  frame,  aim  to  pass  the  chain  over  the  top 
of  the  stump  zind  hitch  to  a  root  on  the  other  side,  the  farther  out  the  better. 
Another  good  hitch  and  haul  is  the  twist.  Hitch  to  a  root  and  drive  so  that  the 
chain  tends  to  wrap  round  the  stump. 

When  saplings  are  to  be  removed  do  not  cut  them  first,  but 
hitch  the  chain  to  them  as  far  up  as  you  can  reach.  While  the  team 
is  hauling  on  them,  a  man  should  cut  the  roots  on  the  opposite  side  with 
an  axe. 

A  few  days  of  stump  pulling  is  enough  at  one  time.  Rest  the 
horses  and  men  at  some  other  work.    The  clearing  of  land  by  this  method  ^ 

is  heavy  and   tiresome,   and  can  easily  become  disheartening  if  kept  up  ^ 

too  long. 

A  capstan  puller  consists  of  a  frame,  a  drum  on  bearings,  a  pole  to  hitch 
horses  to,  and  a  wire  cable  fastened  to  the  drum.  Some  of  them  have  gearing 
which  reduces  the  speed  of  the  drum  and  increases  its  pulling  power.  These 
work  very  slowly. 
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The  pullers  have  to  be  anchored  to  solid  stumps  near  the  place  where 

they  are  set  up.    The  limiting  factor  in  the  use  of  pullers 

is  this  anchor  or  anchors.    When  you  pull,  you  do  not 

Capstan  Pullers     always  know  whether  the  stump  out  at  the  end  of  the 

cable  or  the  one  behind  the  machine  will  come.     To  set 
the  machine  takes  time,    and  you  should  be  careful  to 
^         make  the  anchorage  as  secure  as  possible. 

If  your  puller  comes  without  a  pole,  you  can  get  one  in  the  woods  near 
home.  Cut  a  6-inch  tree — ash,  white  oak,  hickory  or  the  like — zind  use  a 
20-foot  length.  Better  attach  an  old  wagon  tongue  to  this  where  the  horses 
are  to  be  hitched,  to  keep  the  pole  from  hitting  the  horses  when  stumps  give 
way  suddenly.  Some  operators  also  attach  a  second  pole  in  front  of  the  horses, 
to  lead  them  in  the  circle,  saving  continued  driving. 

It  is  better  to  wind  up  the  cable  on  an  empty  drum;  the  cable 
wears  much  less  in  this  way.  For  that  reason  use  only  enough  cable  to 
cover  the  drum — not  two  layers  on  it.  The  length  of  the  cable  will  govern 
the  area  you  can  clear  with  one  set  of  the  machines.  This  usually  will  be 
about  an  acre. 

Three  men  can  clear  an  average  acre  of  cut-over  land  of  small  stumps  in 
one  day.  Three  men  will  handle  a  small  outfit.  Handling  the  cable  is  heavy 
work,  and  you  want  no  boys  on  the  job.  The  hooks  for  catching  the  roots 
that  come  with  the  machines  usually  are  poorly  designed.  You  can  have  a 
better  one  made  by  welding  together  two  old  steel  plowshares  in  a  manner 

that  your  blacksmith  will  understand  if  you  show  him  the 

original  hook.    For  best  results  a  hook  should  weigh  about 

Time  to  Pull       50  pounds,  though  to  be  so  light  it  must  contain  only  good 

steel. 

Pullers  are  not  suited  for  taking  out  occasional  stumps  in 
cultivated  fields,  but  only  to  clearing  cut-over  land  where  stumps  stand  close 
together.  The  machine  should  be  brought  on  the  job  only  after  the  necessary 
blasting  has  been  done.  Then  the  small  stumps  and  whatever  roots  are  left 
by  the  blasting  can  be  taken  out  at  the  same  time.  A  supply  of  explosives 
should  be  kept  on  hand  for  blasting  out  the  anchor  stumps  aiFter  the  machine 
has  done  all  the  work  it  can. 

A  tripod  puller  is  effective,  but  cumbersome  to  handle  and  expensive  to 
operate.    It  is  not  recommended. 

A  donkey  engine  for  stump  pulling  should  have  about  the  same 
power  as  for  logging  operations,  and  should  be  constructed  about  the 
same.  There  should  be  two  drums,  one  for  the  pulling  cable  and  the 
other  for  the  return  line,  the  return  drum  geared  faster  than  on  a  logging 
donkey. 

A  About  350  feet  of  pulling  cable  can  be  used.    Inch  or  inch  and  a  quarter 

W  cable  usually  will  be  best.    The  return  line  would  be 

Donkey  Engine         half  or  five-eighths  inch.    With  350  feet  of  main  cable. 

Outfit  10  acres  can  be  cleared  at  one  setting.     It  speeds  up 

operations  to  use  a  cluster  cable  with  three  or  four 
hooks.    Several  small  stumps  can  be  pulled  at  once  with  this. 

A  donkey  engine  outfit  requires  five  or  six  men  to  operate  it.  With  it 
stumps  of  any  size  can  be  pulled.    When  they  are  too  big  to  handle  directly 
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it  i>  but  to  break  them  up  with  ezploiives  before  atten^jting  to  bum  or  other- 
wise dicpose  of  them.  Very  large  ttumps  ihould  be  lootcned  and  split  before 
they  are  pulled. 

little  needs  to  be  said  about  using  a  traction  engine.   You  will  need  heavy 

chains  and  heavy  hooks.    The  chain  should  be  nothing  less  than  five^ighths 

inch.    A  short  piece  of  inch  or  larger  wire  cable  is  better. 

Fifty  feet  or  so  is  enough.    The  hook  should  be  of  steel, 

Traction  Engine      with  one  point,  and  should  weigh  30  to  100  pounds.    The 

Pulling  entire  hitching  apparatus  should   be  strong  enough  to 

stand  jerking  on  with  the  weight  and  power  of  the 

engine. 

The  cost  of  operating  pulling  machines  and  of  clearing  land  with  them 
varies  so  much  that  no  figures  are  safe  to  depend  on.  It  depends  on 
the  kind  of  soil,  the  kind  of  stumps  and  especially  on  the  drill  with 

Cost       which  the  machines  are  operated.    When  everything  is  at  the  very 
best,  land  can  be  cleared  economically  with  donkey  engines  and  trac'   . 
tion  engines  in  combination  with  explosives.      When  conditions  are 

not  favorable  the  cost  of  these  methods  is  very  high. 

For  any  kind  of  stimip  pulling  you  will  need  shovels,  hoes,  axes 
Tools     and  bars.    The  probing  rod  also  is  useful  for  locating  roots. 

The  directions  for  removing  stumps  with  explo- 

Blastiog  Out  Stumps    sives  are  given  in  full  detail,  and  in  order  to  do  the 

matter  justice  they  are  placed  in  a  separate  chapter. 

Blasting  Out  Stumps 

A  proper  charge  of  explosives  placed  under  a  stump  will  tear  the  roots  loose, 
lift  the  whole  stump  out,  and  break  it  into  pieces.  The  whole  operation  is 
simple,  safe,  short  and  easy.  Any 
sort  of  stump,  of  any  size,  in  any 
soil,  any  weather,  can  be  blasted 
out  successfully,  and  the  blasting 
is  a  practical  and  efficient  method 
whether  there  is  one  stump  to  be 
removed  from  the  middle  of  a  cul- 
tivated field  or  a  lawn,  or  thousands 
of  acres  of  the  heaviest  loggcd-off 
land  clearing  to  be  done. 

The  best  time  of  the  year  to 
blast  out  stumps  is  a  matter  of 
compromise  between  conflicting 
requirements.  On  the  one  hand 
explosives  work  most  effectively  in 
moist  clay  and  wet  sand  soils.  On 
.mi.VS.'S.i'S'.W^';';,  *.SrJl.S     th.  othtr  h^d.  h  »  Ud  fro™  . 

!s5s?Js.,f,"£:.S"."iJ."?;?''S;.vif™'S;  tawt  ,t.ndpomt  to  «.« ht,vy 

durtcB  wiu  conuin  Ihb  ton]  gipioiifc  thin  ons  ground  when  wet.  {See  page  38 
2^^?^™cf.Siifr"  *'  '"""■  '^'  ^'     for  hirther  discussion.) 

With  all  the  facts  before  you.  the  selection  of  time  is  a  matter  for  your 
own  judgment.    If  cost  did  not  need  to  be  considered,  summer  or  fall  would 


be  ideal.   Blasting  out  stumps  from  frozen  ground  can  be 

done  with  satisfaction.     In  fact,  the  stumps  are  broken  up 

Time  Of  Year      ^^^^^^  jj,^  y,^  ^^  ^^  ^^j^  i^^   though  the  work  is 

harder  on  account  of  the  difficulty  of  making  holes. 

Success,  and  especially  economy,  in  stump  blasting,  is  a  matter  of  common 

sense  and  judgment'plus  some  knowledge  of  the  stumps  and  of  explosives. 

Close  attention  to  apparently  small  matters  insures  good  work.    The  things 

that  the  blaster  must  consider  are  the  location  for  the  charges,  the  proper  size 

(^  holes,  the  amount  of  explosives  required,  the  length  of  fuse,  depth  of  hole, 

tamping  and  the  like. 

Loading  Charga  of  Explosiet 

To  blast  out  a  stump  the  explosives  must  be  placed  in  a  hole  underneath 
it  Make  the  hole  first.  Then  prepare  the  charge  of  explosives  as  directed 
on  pages  34  to  3S.    Pack  the  explosives  in  the  hole,  tamp  and  fire. 


In  blutlnc  out  big  insn  Miimpf,  lh«  bolei  for  the  thiee  to  eight  ducgss  thould  be  nude  >s  ne«rl<r 
u  poulble  nodei  the  m*<a  inchoi  rooti.  The  nun  an  tbe  right  ■■  maothing  out  a  hole,  tettmg  it  lesdy 
(or  the  chuse;  Ibe  one  on  the  le.t  is  (boiing  ■  itlck  home  with  the  tamping  lod. 

Load  stumps  by  no  rule,  but  with  regard  to  their  root  systems  and  to  the  ^ 

nature  of  the  soil.    TTie  aim  is  to  tear  the  roots  out  of  their  anchorage  in  the 

ground,  or  to  break  them  off  below  tillage  depth.    To  do  this  you  must  place 

the  charge  or  charges  of  explosives  as  close  to  their 

burden  as  possible— hitch  them  as  short  as  possible  to 

Depth  for  Charges     the  load.    The  load  or  burden  is  not  the  weight  of  the 

stump  so  much  as  its  grip  on  the  ground.    You  must 

get  good  confinement  of  the  gases.     If  there  is  a  weak 

wall  on  one  side  of  an  explosion  and  a  fairly  solid  or  firm  wall  on  the  other,  the 

wesi  wall  will  give  way,  and  very  little  breakage  or  movement  will  be  made 

in  the  other. 

The  charge  of  explosives  should  be  located  just  deep  enough  to  secure  this 
confinement  and  to  be  under  the  load  to  be  lifted,  but  not  any  deeper.     If 


charges  are  too  deep  there  is  great  waite  of  energy  in  uselessly  lifting  earth. 

This  it  costly.    Charges  that  are  placed  too  shallow  will  blow  olT  the  tops  of 

stumps  or  split  them,  leaving  roots  tight  in  the  ground. 

Since  clay  and  other  heavy 
soils  hold  the  gases  much  better 
than  sand,  and  wet  ground  holds 
them  better  than  dry  ground,  a 
much  thiclcer  covering  of  dry  sand 
is  required  over  a  charge  to  confine 
the  gases  properly  than  of  wet 
clay.  Charges,  therefore,  must  be 
placed  deeper  in  sand.  Usually  the 
charges  should  be  placed  right  next 
to  the  wood  of  the  roots  in  clay 
soil,  and  in  sand  with  6  to  30  inches 
of  ground  between  the  charge  and 
the  roots  (tap  roots  excepted — see 
next  page).  Large  stumps,  and  old 
stumps,  require  shallower  placing 
of  charges  in  proportion  to  diam- 
eter than  small  stumps  and  green 
stumps.  Long-rooted  stumps  re- 
quire deeper  placing  than  short- 
rooted  ones. 

With  the  foregoing  points  in 
.„  mind,    it   will    be   seen   that    the 

will  give  the  greatest  resistance. 
This  may  be  the  center,  but  it  is  by  no  means  always  so.  If  the  slumps 
have  grown  on  a  hillside,  the  roots  may  be  heavier  cut  sideways  than 
uphill  or  downhill.  Very  often  a  tree  on  the  level  has  heavier  roots  on  one 
side  than  on  the  other.  Usually  it  is  of  advantage  to  blast  a  big  stump 
with  more  than  one  charge,  placing  one  charge  under  each  of  the  large  roots 
and  one  under  the  center  of  the  stump.  A  charge  under  a  root  should  be  at 
a  point  where  the  weight  of  the  stump  will  be  balanced  by  the  pull  of 
the  ground  at  the  other  end.  This  point  usually  will  be  a  foot  or  two  out  from 
the  edge  of  the  body  of  the  stump. 

In  the  foregoing  suggestions,  no  mention  has  been  made  of  the  three  main 
types  of  root  growth — tap-root,  semi-tap  root  and  lateral  root;  but  with  the 
principles  of  blasting  in  mind,  it  is  easy  to  see  that  a  properly  placed  charge 
under  a  lateral  root  stump  will  be  very  shallow.  If  such  a  stump  is  to  be  taken 
out  with  several  charges  instead  of  only  one,  all  but  one  of  the  charges  will 
have  to  be  located  well  out  from  the  stumps  proper,  under  main  roots. 

Semi-tap  root  stumps  require  deeper  placing  of  charges  than  lateral  root 
stumps.  When  such  stumps  are  taken  out  with  more  than  one  charge,  the 
points  for  the  explosive  are  closer  in,  under  the  main  roots  where  they  dip  a 
couple  of  feet  below  the  surface. 

The  underground  nature  of  each  stiunp  should  be  determined  before  plac- 
ing charge  or  even  making  holes.  You  can  do  this  partly  by  observing  the  roots 
that  rise  above  the  surface,  but  mostly  by  probing  down  among  the  roots  with 


the  quarter-inch  steel  needle  known  as  a  probing  rod.    Every  blaster  should 
have  one  of  these  rods  and  should  make  use  of  it  at  each  stump. 

There  are  two  ways  of  blastii^        

out  true  tap-root  stumps.    One  is         '  ' 

to  bore  a  hole  in  the  wood  c^  the 
tap-root  itself,  and  the  other  is  to 
place  the  charges  right  alongside 
the  root  and  against  it,  like  mudcap 
charges  are  placed  in  stone  blasting. 
In  placing  the  charge  in  the  wood, 
make  a  hole  in  the  ground  down  to 
a  point  a  couple  of  feet  below  the 
surface  of  the  ground.  Then  bore 
a  hole  in  the  wood  with  a  wood 
auger.  This  hole  should  go  two- 
thirds  or  three-fourths  of  the  way 
through  the  root.  Fill  the  hole  in 
the  wood  with  explosives,  fire,  and 
the  resulting  blast  will  cut  off  the 
root.  I  I 

In  placing  the  charge  of  cxplo-         | [ 

sives  against  the  wood,  get  it  at  hov  cutiidc«  m  powder  »bU  ud  su  u»  boic 
least  4  feet  deq>.  If  you  can  com-  *''•"  «»y  •"  'i^  •»d  v—^  "itii  twnpim  »ti«k. 
roand  an  electric  blasting  machine 

for  firing,  divide  the  charge  in  two  and  place  the  two  parts  on  opposite  sides. 
These  charges  may  be  placed  only  3H  ^^^^  deep,  though  you  should  not  hesi- 
tate to  place  the  charges  at  a  greater  depth  when  blasting  large  tap-root 
___  stumps,  particularly  if  the  ground 
is  of  a  light  nature. 

In  all  sorts  of  stump  blasting 
the  holes  for  the  charges  can  be 
dug  with  narrow-bladed   shovels, 
spades  or  crowbars,  or  bored  with 
—  -  ,.  dirt  augers.    (See  page  32.)     In 
\y\  jV    stony  land  augers  cannot  be  used, 
or  can  be  used  only  for  parts  of 
the  holes.     All 
things     consid- 
Making  Holes     ered.  it  is  hard 
to  beat  the  bar 
and  sledge  com- 
bination  for    making    holes    for 
charges  of  no  more  ihan  two  or 
three  sticks,  or  for  starting  holes 
for  larger  charges. 

The  bored  hole  is  better  than 
the  dug  one  because  it  can  be 
tamped  tighter.  After  much  dirt 
once  is  taken  out,  it  will  not  be 
111  sr  hole  in  ^""P**'  ^*'^'' '"  again  as  solid  as  it 
el  to  cut  off  was  before.  Holes  for  inch-and-a- 
quarter  sticks  of  explosives  should 


How  to  pbc*  durfi 
■tunp.   ThiBfl  methods 

borioc^ -     --- 

ckui«  vhoi  «l*cttkc  bludng 

"C"  iboin  br  dotted  " 

■Odd  irbete  one  cluu 

tkm  oMtbedi  irin  do 


Up-rooted 


L  the  itomp.    Anr 
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be  nude  with  inch-and-s-half  augen  or  bars.  In  blasting  exceptionally  large 
stumps,  use  2-iiich  or  3-inch  augers.  The  holes  usually  can  be  started  between 
roots  and  in  depressions,  but  do  not  sacrifice  good  placing  of  charges  for  ease 
in  making  holes. 


How  to  pUu  chufsi  imdar  Utanl  rooted  ■ttunp.  "A"  ihowt  how  to  pUca  chufo  whan  On  cap 
•nd  foM  lira  uHd  Uld  one  chu(e  !■  relied  opon  to  remore  the  itiimp.  "B"  ihowe  bow  to  |iue 
thtm  mull  cherie*  undsr  main  root*  when  gtnnip  is  to  be  roBMTed  with  wtonil  durfM  Bnd  bf  electrtc 
blutinc  mechine.     Uee  eitber  method  "A"  or  "  B  "— nerer  both. 

In  water-saturated  ground  of  a  heavy  nature,  in  case  you  have  difficulty 
in  getting  the  charge  properly  centered  or  placed  (when  no  electric  blasting 
machine  is  available  for  firing),  you  can  make  use  of  what  is  known  as  propa- 
gated detonation.  Divide  the  big  charge  into  several  small  ones  in  di^erent 
holes  bored  from  two,  three  or  four  sides  of  the  stump,  but  all  ending  close 
together  down  under  at  the  right  point.  If  these  charges  are  tamped  solid  and 
they  are  not  more  than  a  foot  apart  they  all  will  explode  at  once  when  one  (rf 
them  is  fired  with  a  cap  and  fuse  in  the  usual  way. 

In  making  holes  for  blasting  out  tap-root  stumps,  start  the  bar  or  auger 
straight  down  along  the  root  from  the  surface.  When  you  have  reached  Uie 
required  depth,  wriggle  the  bar  sideways  to  make  the  hole  wide  at  the  bottom. 

Wherever  the  number  of  stumps  runs  into  many  thousands,  it  will  pay  to 
get  a  machine  to  bore  the  holes.   Such  a  machine  will  bore  all  the  holes  needed 


How  to  pUce  the  thugt*  w —  ,-  -  •    x 

chut*  >Ad  CAP  and  (lue  ere  lued.    "B"  thowa  proper  poalnoni  of  aererml  udaU  chugea  when  electric 
bkatinc  machine  la  lU   '     "-    '■" "-  "'^ — '  ,>...—.-'     ...... 


under  the  stumps  at  the  rate  of  500  or  600  a  day,  and  at  very  much  lower  coit 

than  the  same  work  can  be  done  by  hand.    The  machine 

bores  almost  as  fast  in  wood  as  in  earth,  and  is  particularly 

Power  Boring      serviceable  when  roots  have  to  be  penetrated  in  order  to 

get  the  charges  to  the  right  spots. 

Machines  can  be  bought  complete  in  unall  sizes  suited 
to  land-clearing  purposes,  or  can  be  bought  in  parts  and  assembled  on  home- 
made frames.  Electric  machines  are  most  convenient.  Steam  and  compressed 
air  machines  are  next  best.  Flexible  shaft  machines  and  direct-geared  machines 
are  least  satisfactory.  The  flexible  shafts  break.  The  steam  outfits  freeze  up 
and  are  troubled  with  bunt  pipes.  All  the  outfits  except  steam  ones  can  be 
run  by  gasoline  engines. 


To  ihow  lUcki  of  sipldarm  aipuidiil,  u  permitMd  bf  tpHttiat  of  itick  wnfjiait,  in  big  bole. 

An  electric  boring  outfit  consists  of  a  small  gasoline  engine — say  about  5 
horse  power — on  a  wagon  belted  or  geared  to  a  3  kilowatt  dynamo,  and  that 
equipped  with  two  dnil  heads  and  200  feet  of  electric  cable.  A  supply  of  13^ 
inch  augers  completes  the  outfit.  Such  an  outfit  costs  about  $500.  You  can 
use  any  gas  engine.  The  dynamo  will  cost  somewhat  less  than  $250,  and  the 
drills  about  $80  each. 

It  takes  five  men  to  run  this  outfit — two  men  on  each  drill  and  one  man 
to  drive  and  to  handle  the  cables.  This  man  should  lift  the  cables  carefully 
over  stumps  and  prevent  them  from  kinking  and  getting  caught.  The  steam 
and  compressed  air  and  the  direct  drive  machines  will  not  be  described,  be- 
cause inq>rovemcnts  continually  are  coming  out.  Watch  the  farm  papers  for 
advertisements,  or  write  to  any  maker  of  explosives  for  names  of  manufacturers 
of  these  machines,  if  you  are  interested  in  them. 


Study  the  methods  of  handling  explosives  as  outlined  on  pages  34  to  40 
and  58  to  61,  to  which  every  reader  is  referred  at  this  point,  before  trying  to 
load  charges.    A  few  special  hints  will  be  given  here. 

Charges  of  explosives  usually  should  be  as  near  as  may  be  in  a  round  bulk — 

not  strung  out  for  2  or  3  feet  in  a  long  hole.    To  get  them  so  the  hole  must  be 

enlarged  at  the  bottom  by  scraping  or  springing.    Slit  the  paper 

wrappings  of  the  sticks  and  press  the  sticks  in  the  hole  with 

Slit  Stick        the  tamping  stick  till  they  swell  to  6t  the  hole  tiglit  and  shorten 

Wrappings      to  2  to  4  inches  tn  length.    (See  pages  24  to  26.)     But  do  not 

do  this  if  the  hole  is  very  wet. 

When  you  have  many  stumps  to  blast  out,  tt  often  is  a 
good  practice  to  make  holes  in  the  forenoon  and  then  to  load  and  shoot  after 
dinner.  Load  and  fire  all  the  holes  you  have  prepared  wjien  you  go  to  the 
field,  after  which  you  can  proceed  to  make  more  holes.  Always  fire  the  cfiargts 
ioon  after  ihey  are  loaded.  To  do  this  prevents  missing  charges,  and  avoids 
chance  explosions  due  to  meddling,  and  the  like.  If  the  holes  are  wet,  firing 
immediately  is  required  to  avoid  weakening  of  the  explosive  by  water. 

If  you  prepare  your  charges  in  the  field,  you  can  cut  a  supply  of  pieces 
of  fuse  before  you  go  out.  Make  the  pieces  of  varying  lengths  and  crimp  caps 
on  them  to  prevent  the  powder  shaking  out  of  the  ends.  Take  the  roll  along 
with  you  to  provide  for  holes  requiring  longer  fuse.  Don't  attempt  to  use 
pieces  of  fuse  less  than  15  inches  long.    They  are  dangerous. 

Use  plenty  of  water  when  tamping  the  holes,  and  tamp  well.  See  that 
the  ground  is  packed  solid,  not  only  where  you  made  the  hole,  but  all  around 
the  stump.  -  Often  there  are  holes  dug  by  skunks,  groundhogs,  gophers,  squir- 
rels, rats  or  mice  under  stumps. 
Keep  the  charge  of  explosives  away 
from  these  cavities — better  fill  them 
up. 

In  lighting  many  fuses  a  gas- 
oline or  oil  torch  is  useful.  But 
there  isn't  anything  much  better 
than  to  stick  the  burning  end  of  a 
freshly  scratched  match  right 
against  the  powder  in  the  end  of 
the  fuse,  (Sec  page  58.)  Remem- 
ber that  the  outside  cover  of  the 
fuse  does  not  bum,  but  the  spark 
runs  down  the  center  as  a  drop  of 
water  might  run  down  a  tube.  Do 
not  leave  the  fuse  till  it  spits  sparks 
regularly. 

»<  None  of  your  charges  are  likely 
to  mishre  if  you  load  carefully,  and 
if  you  have  taken  proper  care  of 
your  explosive  materials  before 
loading.  But  if  misfires  do  occur 
with  fuse,  do  not  investigate  them 
bUBaM°bii™tt^'SJr^i'ih"te""hl^HSr.''^S  for  several  hours,  at  least.  (See 
SSM,'W"U'r5;.'rfer"^d'.  'l^^t^      P^B«  ^3  for  discussion  of  misfires.) 

Ihsm  »p«rt,  but  does  not  throw  them  u  unnocminrr  Of  COUrSC,  in  elec- 

foot    Loud  report*  ind  mach  dirt  high  m  the  •fr       »jr:_ji »_■        c  - 

■how  orelcH  loadliic  ind  uielsis  ciiMDS*.  MlStiTeS        trie      tinng     yOU      CUl 


invotigate  a  mitfire  immediately  after  the  wires  have  been  disconnected  at 
the  blasting  machine. 

Amount  of  Eixploiives  Required  to  Blati  Out  Stumpi 
A  proper  charge  o(  explosives  for  a  stump  blast  has  a  dead,  muffled  report. 
It  lifts  out  and  splits  the  stump.  Loud  report  and  the  throwing  of  the  pieces 
fsT  shows  that  too  much  explosives  have  been  used.  When  stumps  merely  are 
split  and  tight  roots  arc  left,  not  enough  explosives  have  been  used  (or  it  may 
be  placed  too  shallow).  H  the  explosion  is  muffled  and  does  not  throw  pieces 
far,  but  digs  too  big  a  hole,  the  charge  is  too  heavy  and  too  deeply  placed. 

It  is  impossible  to  lay  down  exact  rules  for  the  amounts  c^  explosives  to  use. 
This  bulletin  will  include  figures  of  amounts  that  have  been  used  to  blast  out 
some  stumps,  but  these  figures  must  be  regarded  as  correct  only  under  identi- 
cal conditions  of  soil,  kind  and  age  and  size  of  stump,  amount  of  water  in  soil, 
kind  and  grade  of  explosives,  and  amount  of  confinement  in  the  hole.  Ejtperi- 
ence  must  be  the  teacher  in  this  matter. 

A  green  stump  requires  a  great  deal  more  explosive  than  one  that  has 
stood  a  few  years.  More  explosives  are  required  in  stony  land  than  in  smooth 
land  to  blast  out  stumps.  The  harder  and  heavier  the  soil  is,  the  less  explosives 
are  required,  and  the  looser  and  lighter  it  is  the  more  explosives  arc  required. 
Dry  soil  requires  more  explosives  than  moist  soil. 


When  you  want  to  blast  a  stump  entirely  out,  it  is  better  to  load 
too  heavily  than  too  lightly,  for  roots  left  tight  in  the  ground  after  the  top  of 
a  stump  is  blasted  off  are  hard  to  get  out.  If  you  are  not  familiar  with  stump 
blasting,  start  with  the  small  stumps  and  load  them  as  you  think  they  should 
be  after  considering  the  various  points  explained  in  foregoing  pages,  and  in 
view  of  the  following  figures. 

Ordinarily  it  takes  one  pound  of  explosives  for  each  foot  in  diameter  of 
stump,  when  the  stump  is  such  as  a  white  pine  in  clay  soil  cut  10  years 
or  longer.  Green  stumps  of  any  kind  require  more  than  this — usually  about 
half  again  as  much;  sometimes  twice  as  much.   A  rule  for  the  enormous  stumps 


of  the  Pacific  Coast  ii  to  tquare  the  diameter  of  the  stun^,  measured  in  feet, 
and  u>e  this  figure  as  the  number  of  134  hy  8  ii>(^  iticks  of  explosives  required. 
This  rule  usually  over-estimates  the  amount  required  for  stumps  larger  than 
3  feet  in  diameter. 


Exunplsi  of  the  incomiilsts  J«b  iMUlUnf  bom  torlni  (o  blut  out  tbj  Ms  ilnmps  tMtini  widc- 
■ECMdlnc  rooU,  wllh  ooa  curga  to  sach  ons.  UnleM  Che  chaif «  U  bxcbmIt^  h«ATji  which  meuu 
that  it  li  a^auJTe  in  eiplcMiTsi  uu]  hllMdins.it  can  not  b«  placed  deep  enon^  ta  reme*e  the  whole 
itnmp.  Bren  if  it  i*  deep  cnoogh  and  hearr  enoocb  to  be  nicceulul  it  i*  ohjecChiubla  on  account  o< 
tha  Hg  ciatei  made.     Each  bic  itump  ibould  baye  aereial  cbaifei. 

Amount  of  ExfAoiieea  Used  to  Blast  Stumps 

The  following  table  is  taken  from  records  of  blasting  in  Minnesota,  Penn- 
sylvania,  Oregon,  Kentucky,  Michigan  and  Florida.  The  stumps  were  blown 
out  effectively  and  successfully,  and  the  figures  should  serve  as  a  reliable  guide- 

Diametei  Stump  Kind  Kind  Stkkt  IH  loeb 

Inche*  Stump  Soil  Dynamite « Powder 


10 

Pine,  dead 

Clay 

1 

12 

Pine,  dead 

Sand 

IH 

12 

Pine,  dead 

Uam 

1 

12 

Pine,  dead 

Clay 

1 

14 

Pine,  dead 

Clay 

2 

15 

Pine,  green 

Loam 

4 

16 

Pine,  dead 

Clay 

IH 

18 

Pine,  dead 

Sand 

3 

18 

Pine,  dead 

Loam 

2 

18 

Pine,  dead 

Clay 

IM 

20 

Pine,  dead 

Sand 

7 

20 

Pine,  dead 

Clay 

4 

24 

Pine,  dead 

Loam 

! 

24 

Pine,  green 

Sand 

10 

24 

Pine,  dead 

Sand 

5!4 

24 

Pine,  dead 

Loam 

4W 

24 

Pine,  dead 

Clay 

4 

36 

Pine,  dead 

Sand 

10 

36 

Pine,  dead 

Loam 

m 

36 

Pine,  dead 

Clay 

T/2 

40 

Pine,  dead 

Clay 

7 

48 

Pine,  dead 

Sand 

13 

48 

Pine,  dead 

Loam 

10 

Dimtttr  Stump 


4 


Kind 

StUBtp 

Kind 
Sou 

Sticks  IH  inch 
Dynamite  or  Powder 

Pine,  dead 

Clay 

9 

Pine,  dead . 

Clay 

15 

Oak,  dead 

Sand 

IH 

Oak,  dead 

Sand 

2 

Oak,  dead 

Lx>am 

M 

Oak,  dead 

Loam 

\% 

Oak,  dead 

Clay 

\H 

Oak,  green 

Clay 

3 

Oak,  dead 

Lx>am 

3 

Oak,  dead 

Lx>am 

3H 

Oak,  dead 

Clay 

3 

Oak,  dead 

Clay 

2 

Oak,  dead 

Sand 

5 

Oak,  dead 

Lx>am 

4H 

Oak,  dead 

Clay 

4^ 

Oak,  dead 

Sand 

6 

Oak,  dead 

Clay 

^H 

Oak,  dead 

Clay 

5H 

Fir,  dead 

Lx>am 

10 

Fir,  dead 

Clay 

12 

Fir,  green 

Lx>am 

20 

Fir,  dead 

Loam 

26 

Fir,  dead 

Clay 

36 

Spruce,  green 

Sand 

32 

Hemlock,  dead 

Sand 

2 

Walnut,  dead 

Loam 

1 

Gum,  green 

Clay 

3H 

Gum,  dead 

Sand 

4 

Black  gum,  green 

Sand 

5^ 

Sugar  maple,  green 

Sand 

5H 

Snag,  dead 

Sand 

4H 

Tap-root  pine 

Sand 

Vi] 

Tap-root  pine 

Sand 

H 

Charge 

• 

m 

Tap-root  pine 

Sand 

I 

Tap-root  pine 

Sand 

IH 

111 

Tap-root  pine 

Sand 

2 

yf\j%J%X 

Tap-root  pine 

Sand 

2>4J 

Tap-root  pine 

Sand 

1    1 

Tap-root  pine 

Sand 

IH 

Charge 

Tap-root  pine 

Sand 

3 

against 

Tap-root  pine 

Sand 

4 

wood 

Tap-root  pine 

Sand 

5 

1 

48 
60 
8 
12 
12 
15 
16 
16 
18 
20 
24 
26 
27 
27 
30 
30 
M 
38 
30 
36 
40 
48 
72 
60 
15 
10 
15 
24 
16 
16 
20 

6 

8 
10 
12 
15 
18 

6 

8 
12 
15 
18 

Proper  blasts  throw  out  little  dirt.  They  pull  the  roots  out  of  the  ground, 
and  permit  most  (rf  what  little  dirt  they  do  lift  to  fall  back  in  the  hole.  In 
consequence  good  blasting  leaves  small  holes. 

An  excellent  plan  for  any  blaster  is  to  carry  a  notebook  and  a  yardstick 
and  keep  track  of  the  blasts  he  msJces.  Make  note  of  the  size,  kind,  age  of 
stump,  kind  di  soil,  lunount  of  water,  kind  and  amount  of  explosives  used,  and 
the  result  <rf  the  blast,  in  each  case. 

30 


The  figures  here  given  wilt  lerve  a«  a  guide  for  the  first  shots.     As  the 
work  proceeds,  base  your  loading  on  your  own  experience. 


Hen  two  chU(H,  And  tonChec  alectTicaUr,  wen  corrsctl*  pniXKtioiud  (nd  pbCBd  enaM  tb«l 
oat  imii  locaMd  loo  ihtUow  ud  loo  fni  in  tomud  the  c«Bt«.  11  ihoiild  tuTC  beoo  out  under  ttiii  re- 
■"■*"*»;  root,  ihown  Id  the  pictar«,  which  then  would  not  hive  required  pullini  with  honee  or  uiotherj 

bUit. 

Kind  of  Exploitui  to  Use 
The  kinds  and  grades  o(  explosives  best  to  use  for  blasting  out  stumps  are 

few,  and  vary  with  the  nature  of  the  soil.  In  a  heavy  soil  an  explosive  which 
cracks,  lifts  and  heaves  is  more 
desirable  than  one  which  shatters. 
In  other  words,  a  slow-acting  ex- 
plosive is  the  one  to  use.  This 
means  dynamite  or  powder  of  20% 
strength  or  less;  and  further,  in  dry 
work  or  where  the  charges  can  be 
fired  quickly  after  loading,  it  means 
ammonia  explosives.  If  the  charges 
must  be  exposed  (or  some  time  to 
water,  nitroglycerin  powder  or 
dynamite  had  better  be  used. 

In  dry,  light  soils,  such  as  dry 
sand,  it  is  necessary  to  use  an  ex- 
plosive that  exerts  its  Full  force 
before  the  gases  can  give  way,  as 
in  mudcai^ing  rock.  For  that 
reason  50%  ammonia  or  nitro- 
glycerin powder  or  dynamite  is  the 
explosive  to  use  in  dry  sand  and 
similar  soils,  or  60%  willdo.  Inter- 
mediate grades  of  soil  usually  can 
be  depended  on  to  hold  the  gases 
enough  to  permit  the  use  of  the 
slower  20%  explosives. 

to  cuii  Uie  noM  wi&  II.  ~        ■  ■  The  above  does  not  mean  that 


thcK  grades  of  explotJves  are  demanded  for  removing  stumps.  The  feet  is 
that  stumps  can  be  blasted  out  with  almost  any  explosives  manufactured;  but 
the  work  can  be  done  more  economically  and  cheaply  if  the  grades  recom- 
mended above  are  used. 


Four  cluiitsB  fllad  toietbsi  ton  tbis  itamii  ioon  from  id  mooiinfa  aod  mored  it  lii  laet  down  the 
UO,  bat  did  not  brsak  it  up.  Another  durn  ihould  hifo  beea  lo>j»d  clOM  onder  tbo  canter.  It  oui 
b«  brokfln  dp  etiilr  now,  nowerer,  bj  loaduu  ona  itlck  chArn  down  in  the  conlar  of  tiio  hoUow  top- 
THI8  STUIIP  IS  A  WBITB  PirfE.  C0T^  VBASS  AGO. 

The  20%  explosives,  especially  the  ammonia,  leave  the  ground  in  better 
condition.  A  violent  and  quick-acting  explosive  tears  out  large  holes  in  heavy 
ground,  and  packs  the  eardi  about  the  edges. 

Time  Required  for  and  Cost  of  Blasting  Slumps 

A  day's  work  for  one  man  is  30  to  60  average  stumps  blasted  out.  I( 
three  men  can  work  as  a  crew,  two  making  holes  and  one  loading  and  firing, 
the  number  of  stumps  per  man  will  be  much  increased. 

The  cost  of  blasting  stumps  is  a  variable  quantity.    Those  which  blast 

out  the  cheapest  are  well-rotted  oak  or  walnut,  in  moist  clay  soil.    Probably 

the  stumps  ^ich  cost  most  to  blast  are  green  white  pine  or  oak  in  dry  sand. 

The  skill  and  good  judgment  of  the  blaster  also  has  much  to  do  with  the  cost. 

Tools 

The  tools  you  will  need  for  blasting  stumps  are  all  common  ones.  The 
pictures  show  better  what  they  are  like  than  words  can  tell.  You  can  use 
grubbing  hoes,  axes,  crowbars  for  driving  and  for  hand  use,  soil  augers,  long- 
shanked  wood  augers,  wood  tamping  sticks,  cap  crimpers,  water  buckets,  pocket 


,=J 


y 


=-0 


knives,  steel  probing  rods,  adzes, 
long-handled  shovels,  spade  shovels, 
spoon  shovels,  scrapers,  spoon  bars, 
sledges  and  pouibly  other  tools. 

An  old  wood  auger  does  not 
make  a  good  soil  auger,  though  it 
can  be  used  in  a  pinch.  For  boring 
in  ground  an  auger  should  have  a 
leading  point  2  or  3  inches  long. 
Both  wood  and  soil  augers  should 
have  cutting  bits  that  can  be  filed 
sharp  a  good  many  times  without 
destroying  them.  Most  blasting 
tools  are  supplied  by  all  makers  of 
explosives,  and  by  hardware  dealers. 
Some  <^  them  can  be  made  at  home, 
by  your  blaclumith. 

The  spoon  shovel  and  spoon 
bars  are  for  tunneling  and  enlarging 
bore  holes.  Make  them  by  turning 
up  and  trimming  the  edges  of  long- 
handled  shovels.  The  probing  rod 
,    ,     ^  it  a  piece  of  quarter-inch  steel  6 

I  iHolt  of  ■  cBiuss  that       r     ,  I  .■  ■      ■  i 

. __de  10  one  ijde  at  xbt      i^et  long.  With  one  end  sharpened 

r^iStSSr.n'?,^''^^^^  iS-X"^^     ^°  *  P°'"^-    ''  ^^^  letter  have  a 
«m»  itick  modcp  chKt.  behreeo  the  two  luce      handle  tumcd  over,  or  made  into  a 

roou  Hen  in  tne  pictuie.    Had  tJw  orisinal  chuie         -  fct     I  j         ■    ^  ■  i  t 

been  a  fool  nearer  the  (urbice,  the  Btomp  would  hare       nng.     INo  long  description  or  any  ot 
been  hroken  in  .ereral  pie=.,  «.d  aU  thrown  o«L  these  tools  will  be  gjven here,  because 

farmers  are  familiar  with  them. 
This  bulletin  recommends  electric  firing  for  stump  blasting  strongly  when- 
ever there  is  enough  blasting  to  be  done  to  justify  Uie  purchase.of  a  blasting 


nuchitie.  (See  page  58.)  One  to  (ire  up  to  10  charges  can  be  obtained  at  a 
moderate  cost.  If  skillfully  handled  its  use  will  save  its  cost  for  each  500 
pounds  of  explosive  lircd.  Electric  firing  makes  possible  work  in  stump  blast- 
ing that  is  superior  to  the  work  produced  by  any  fuse  firing  when  conditions 
are  difficult.  The  several  small  explosions  help  one  another. 


tba  blulBr  located  hk  chuiai  nnder  lUt  tliuDp  too  lu  towud  on*  lid*.    The  teault  i*  that  th«  looti 
of  the  ottaor  tide  an  left  aticklucia  the  iioimil  and  require  another  btaat. 

General  Hinb 

To  blast  out  standing  trees,  use  about  twenty  per  cent,  more  explosives 
than  you  would  for  the  stumps.  It  is  better  to  blast  big  trees  with  several 
charges,  firing  them  electrically. 

When  big  green  stumps  are  blasted  out  with  one  charge  placed  under  the 


It  of  an  atl*miil  to  bUsi  out  a  veiy  liu|e  feen  Btumf  with  one  tbugt.    The  exploiiTea 
under  the  center,  but  their  could  not  reach  out  far  enough  to  tear  looae  the  man]' Orm^ 

..erblewoS  Ibe  toil,  inalead.  Such  atump*  abould  be  blaated  with  Urn*  ormora  chare** 

an  trad  tofediei  electticaDy. 


center,  some  of  the  roots  often  break  off  high  up,  so  that  they  interfere  with 
plows.  They  are  better  blasted  with  several  charges  placed  round  the  edges. 
If  you  are  using  a  stump  puller,  split  and  loosen  all  tht  big  stumps  with  ex- 
plosives before  pulling  them. 

It  is  more  expensive  to  remove  severely  burned  stumps  than  those  with 
the  tops  intact.  In  blasting  decayed  stumps  and  those  with  no  tops,  fill  the 
center  cavity  with  ground  and  tamp  it  tight.  Then  place  the  charges  in  the 
usual  way. 

In  blasting  old  rotten  stumps  that  have  sound  roots,  you  often  find  the 
center  underneath  has  rotted  out,  or  become  so  that  it  is  only  a  mass  of  pimk. 
This  material  will  not  hold  the  gases  of  the  explosives.  To  blast  such  stumps, 
better  use  an  electric  blasting  machine,  and  several  charges,  or  if  fuse  must 
be  used,  place  the  charges  under  the  roots,  or  deep  under  the  center,  filling 
the  hollow  center  with  wet  clay  or  loam. 

Old  logs  and  snags  frequently  are  too  big  to  haul  or  handle  and  to  burn 
on  clearings.  Do  not  waste  time  cutting  them  in  two,  but  smash  them  up 
with  charges  of  about  half  a  stick  of  explosives  placed  in  an  auger  hole.  If  no 
auger  is  handy,  put  a  heavier  charge  in  a  notch  chopped  in  the  log  and  cover 
with  6  inches  of  mud. 

Fat  pine  tap-root  stumps  often  may  be  shattered  by  charges  of  explosives 
placed  in  the  top-roots,  and  the  stumps  left  to  dry.  ^er  a  few  weeks  these 
stumps  will  bum  like  oil  pots. 

Many  farmers  can  clear  their  land  with  very  little  loss  of  time  from  regu- 
lar work  by  going  about  it  in  a  systematic  campaign.  In  an  hour  or  two  each 
evening  a  good  many  stumps  can  be  blasted  out  and  the  work  will  be  a  pleas- 
ure. Only  one  man  is  needed.  By  making  sure  that  the  charges  are  rightly 
placed  and  proportioned  to  the  stump,  the  roots  all  will  be  broken  up  so  one 
man  can  handle  them. 

Avoid  working  in  the  fumes  and  smoke  of  blasts,  which 
Headache  will  cause  headache.  Also  keep  the  explosives  from  touching 
Preveation      the  skin  of  your  hands,  by  wearing  gloves. 


When  the  chiijfi.  ._  , 

lipped  off,  iHTing  m 


In  removing  saplings  of  tass&fraa  and  persinunon  and  stumps  with  long, 
tough  roots  that  may  sprout  if  permitted  to  brealc  off  in  the  ground,  it  often 
is  of  advantage  to  explode  half  stick  charges  a  couple  of  feet  under  the  trunks. 
This  will  not  take  out  the  trees,  but  will  loosen  the  ground  so  that  when  they 
are  pulled  over  in  the  usual  way  the  roots  all  will  come  away. 

Be  careful  not  to  miss  charges  that  are  placed,  when  you  are  lighting  fuse 
or  cocmccting  wires.  Get  them  all  as  you  pass  the  stumps  they  are  under. 
Unfired  charges  arc  Lable  to  weakening  and  damage,  and  are  sources  of  danger. 


Tbll  la  wbll  Uu  (luiBp  Bald  ihould  look  likt  after  Ok  rooli  tuiTo  been  blows  out.     If  the  lud  it 

Stumps  make  good  fireplace  wood  and  kindling  wood.     You  likely  can 
sell  fireplace  wood  in  nearby  towns  by  doing  a  little  advertising  or  inquir- 
ing of  people  you  know.    Pine  stumps  have  won  a  place 
in  the  hearts  of  all  American  farmers  as  kindling  wood. 
Stump  Disposal     On  nearly  every  farm  and  at  nearly  every  home  it  pays 
to  keep  a  large  supply  of  pine  roots  for  kindling.    Don't 
destroy  stumps  when  your  wood-house  is  empty. 
At  many  points  roots  can  be  sold  as  fuel  for  engines.     In  many  parts  of 
the  South  stumps  can  be  sold  for  turpentine  extraction.    Everyone  should  make 
an  effort  to  sell  or  to  use  his  stumps  rather  than  to  destroy  them.     They 
represent  real  fuel  value,  and  a  little  effort  usually  will  get  it  out.     The 
home  kindling  pile  can  be  made  big  enough  to  last  for  years.     The  roots  are 
ready-cut  kindling  of  the  best  grade.     As  fireplace  wood  they  are  superior  to 
top  growth,  because  of  mineral  elements  in  the  sap.     They  make  as  good 
fuel  for  lime  kilns  as  any  other  wood.  Th'  price  for  home  use  near  large  cities 
often  is  upward  of  $8  to  $12  a  cord.     For  turpentine  extraction  the  roots  are 
worth  at  least  $3.50  a  cord.     Farmers  themselves  can  afford  to  pay  at  least 
$1 .50  a  cord,  with  the  cost  of  hauling  added,  rather  than  to  bum  the  stumps. 
But  when  stumps  cannot  be  sold  or  used  they  must  be  burned  on  the 
ground.    Where  they  have  been  pulled  out,  without  breaking  up  with  explo- 
sives, and  are  large,  the  pulling  engine  or  horses  must  be  used  to  pile  them, 
with  the  help  of  a  derrick  or  gin-pole.     An  engine  and  a  winch,  using  a  cable, 
is  a  very  good  outfit  for  this  purpose.    A  derrick  may  be  a  tripod  with  legs  up 
to  40  to  45  feet  long,  or  it  may  be  a  swinging  boom  derrick,  with  mast  up  to 


Wood  is  1  virr  eipeiulTe  cDnunodlcy  In  auny  put*  of  tbii  eoantiY  to-dar.     It  nevei  will 
(>t  chHper.    UtUiiadon  of  all  purti  of  the  Iia«  that  aia  cut  down  in  land  UMiini  la  the  lUnt  to  do 

whenaraT  it  It  potdble. 

30  feet  high  and  boom  25  (eet  long.      Let  the  mast  lean  a  little  toward  the 

pile  of  stumps,  to  the  boom  will  swing  round  itself  with  its  load.     Another 

good  machine  is  the  C<»irath  portable  piler,  much  used  in  Wisconsin.     It 

requires  10  pieces  of  timber  or  poles,  of  which  the  largest,  the  two  skids  and 

the  boom,  are  20  to  22  feet  long.     A  gin-pole  may  be  any  height  that  is 

convenient.     An  old  dead  tree  makes  a  good  one.     Let  it  bum  with  the 

stumps  piled  about  it.     With  130 

feet  of  half-inch  cable  and  a  pair 

of  double  blocks  the  piling  can  be 

done  with  horses. 

A  better  way  to  handle  stumps 
than  with  a  derrick  is  to  use  small 
charges  of  explosives  to  break  them 
up  after  they  arc  pulled.  Wfwn 
stumps  are  well  blasted  the  problem 
of  disposal  is  simple. 

Start  numerous  small  fires  and 
haul  and  pile  the  roots  on  as  they 
bum  down.  The  fires  can  be  kept 
going  till  all  the  roots  are  burned 
up,  by  putting  on  new  roots  and  by 
shoving  in  butts.  Have  a  wagon  or 
sled  and  keep  hauling  and  unload- 
ing all  the  time.  Drive  about  the 
clearing  on  regular  routes,  each  time 
making  larger  circles  and  throwing 
off  a  few  roots  as  you  pass  by  each 
fire.  One  man  can  clean  up  more 
acreage  in  this  way  in  an  equal 
Tha  ideal  «iie  and  Und  of  pile  fm  boroins      time  than  several  men  working  to 

itnmH  and  n»ta.    Theae  pllei  can  ba  built  br  hand,  .<     .i        .  ■      i_'   l       'I  -..l 

b  unloadiiic  the  aluupa  liom  a  low  wacon  ot  altd.       pile  the  StumpS   m   high  piles  Wlttl 

S'm'^Si?""  "'™* "*""'""  ""     "  derrick,  except  in  cases  where 


the  stumps  are  large  and  unbroken,  or  are  left  in  very  Urge  pieces.  What 
saves  expense  is  piling  by  hand. 

When  you  clear  land  by  blasting,  postpone  all  burning  of  brush.  logs,  etc.. 
till  afier  the  stumps  are  blasted.  Then  have  a  grand  burning  of  everything 
at  once.  But  do  not  bum  the  surface — don't  let  the  fire  nm  over  the  ground. 
Keep  it  stric  ly  to  the  boundaries  of  the  piles.  There  is  a  whole  lot  of  fertil- 
izer in  the  layer  of  leaves,  moss,  twigs  and  other  vegetable  matter  that  every 
piece  of  cut-over  or  logged-off  land  has  on  the  surface.  It  is  foolishness  to 
destroy  this.    Plow  it  down.     It  is  worth  a  good  many  dollars  on  every  acre. 

When  you  bum  a  clearing,  first  get  in  touch  with  the  fire  warden  of  the 
district  if  there  is  any  forested  land  at  all  near  your  place.  Use  every  precaution 
to  prevent  the  fire  from  getting  out  of  your  clearing  and  beyond  your  control. 

You  will  hear — once  in  a  long  while — some  man  say  that  blasting  out 

stun^M  hurts  the  soil.    When  you  do,  tell  him  he  is  mistaken.    Proper  blasting 

is  beneficial  to  the  soil.    It  is  so  beneficial  that  on  thousands 

of  fam:is  subsoil  blasting  is  regarded  as  a  standard  practice. 

Blasting  In  many  orchard  sections  no  one  thiriks  of  planting  fruit  or 

Benefits  Soil      shade  trees  without  first  preparing  the  ground  for  them  by 

blasting.    There  is  a  bulletin  published  on  that  subject  which 

you  should  have  if  you  are  interested. 

It  is  proper  to  add  here,  however,  that  when  the  ground  is  wet  a  blast 
does  not  produce  the  same  effect  in  it  as  when  it  is  dry.  Subsoil  blasting  must 
be  done  when  the  ground  is  dry  enough  to  crumble.     Blasting  a  heavy  soil 


A  sood  method  of  pilinff  cartiin  kindfi  of  fre«i  mots.  Pi]«  «Ten  ■■  lirn  la  thia  will  prore  to  b« 
more  expcniiTe  thAJi  ■mmUer  plLvH  in  Dflmrly  ererr  iutAnce,  uid  thii  method  ii  Juitifled  only  when  stumps 
Out  do  DOi  bnra  wall,  «ach  m  creen  cypieu,  pine  uid  St,  heire  to  be  huined  quicklr- 

that  is  in  a  plastic  condition  will  make  it  more  compact  instead  of  loosen- 
ing it.  It  is  possible  to  do  damage  to  a  spot  in  a  cultivated  field  by  making  a 
Iwle  there — by  digging  out  a  stump,  pulling  a  stump  or  blasting  out  a  stump— 
and  failing  to  fill  it  up  level  with  the  surrounding  surface. 

This  bulletin  states,  correctly,  that  explosives  take  stumps  out  most 
efficiently  when  the  ground  is  moist.  While  this  is  true.  If  you  want  to 
secure  subsoiling  benefit  to  the  land  at  the  same  time  you  blast  out  stumph 


you  muit  do  the  work  when  the  ground  ii  at  least  reasonably  diy.  By  blasting 
the  stumps  when  the  soil  is  not  wet  you  sacrifice  some  of  the  dficiency  of  the 
explosives  in  the  stump  removing,  and  gain  in  (ertihty. 

Don't  allow  the  aeconcj  growth  to  start  at  all.    Pasture  the  land  with 
what  stock  you  have.     To  get  goats  especially  for  the  purpose  is  practicable 
on    large    tracts,    but    the    small    tract    had    better 
be  pastured' by  the  cattle  or  hogs  or  sheep  that  the  farm 
Clearing  Sprouts     already  has.    Goat  clearing  is  advisable  only  where  time 
is  plenty  and  money  for  development  is  scarce.     Cut 
brush  to  the  ground  when  it  is  in  full  leaf.    Do  the  grub- 
bing at  intervals  through  the  summer,  as  time  pennits.    Remember  that  the 
grubbing  must  be  deep  to  kill  the  roots — a  foot  down  at  least. 


In  thli  Dpention  fan  men  uid  flr*  hon«s  *n  a*ed  to  pOe  the  inunps.  Ths  fin-nols  li 
Ocation  of  Ihe  twinnnc  boom  denick.  The  opcntion  ii  ntluir  eipgnsiTo  gwint  to  its  com 
inaSdraej  compared  to  tumd-liuidUnc  of  the  itamps  whco  tliey  are  well  broken. 

After  the  stumps  and  sprouts  are  off  the  land,  there  still  is  some  work  to 

do  before  it  is  ready  for  crops.    New  land  is  fertile,  but  it  usually  needs  lime. 

The  unevenness  and  stump  holes  should  be  filled  after 

the  plowing  is  done.     A  small  horse  scraper  is  a  valuable 

Finishing  Up       implement  for  this,  but  anything  made  like  a  King  spUt-log 

New  Lands         road  drag  will  do  the  work.    M^e  a  complete  job  of  the 

leveling.    Scrape  the  bumps  into  the  hollows,  and  make  the 

surface  as  even  as  possible,  so  that  no  water  will  stand 

in  pools.   This  leveling  should  be  done  carefully  in  old  cultivated  fields  as  well 

as  in  new  ground. 

To  take  full  advantage  of  the  big  supply  of  plant  food  available  in  the 
soil  of  newly  cleared  land,  you  must  plant  crops  that  will  bring  in  money.   This 
may  be  a  grain  such  as  com.  but  is  more  likely  to  be  hay, 
cotton  or  fruit. 
Crt^s  for  Strawberries  are  pre-eminently  a  new  land  crop.    They 

New  Ground  never  do  as  well  on  old  land.  If  you  have  marketing  facili- 
ties for  them,  put  your  new  ground  In  strawberries  for  two 
or  three  years. 


Potatoes  are  another  paying  crop  on  new  land.    Com  bears  fairly  well, 
but  not  much  better  than  on  old  land.    Other  quick-bearing  fruits,  such  as 
gooseberries,  currants,  raspberries  and  dewberries,  do  very  well.    Vegetables 
like  tomatoes,  sweet  com.  water- 
melons, beets  and  squash,  succeed 
very  well.    Oats  is  a  very  bad  crop 
to  plant  because  of  the  weeds  it 
invariably  helps  to  spring  up. 

The  hay  crops  are  excellent, 
and  in  some  of  them  there  is  a 
great  deal  of  profit.  Alfalfa  is  the 
best  of  them  all.  If  you  are  plan- 
ning to  plant  alfalfa,  wait  two 
years  after  clearing  and  plowing, 
meanwhile  giving  the  land  a  heavy 
application  of  lime  and  cultivating 
it  in  some  of  the  other  crops 
named.  All  the  clovers  are  good. 
Some  people  like  to  sow  clover  and 
timothy  mixed. 

On  high  land  sow  red  clover 
and  timothy;  on  low  land  alsike. 
timothy  and  red  top  grass.  Soy 
beans,  Canada  field  peas,  field 
beans,  cowpeas,  mammoth  clover 
and    sweet    clover,    cotton     and 

tobacco,   all  will  yield  enormous  a  etim  of  "fm-poia"  uud  to  pii>  ■nimp«  for 

crops  on  new  ground.  ^JSSS:  o"«""^  "» "-^  >»  "-"  ■^"'  -«" 

If  you  have  cleared  in  the  summer,  harrow  and  disc  at  once,  and  sow 
rye.  to  be  plowed  down  the  next  spring  if  you  are  going  to  cultivate  the  land, 
or  to  be  mowed  if  you  sow  grass  seed.  The  clover  should  be  sowed  on  the 
surface  of  the  ground  just  as  the  snow  leaves  in  the  spring.  If  you  do  not 
get  a  good  stand  from  the  first  seeding,  do  not  be  satisfied  with  the  poor  one. 
but  tear  it  up  and  seed  over  again.  You  cannot  afford  to  let  new  ground 
loaf.    There  is  money  in  making  it  work. 


Preparing  Charges  of  Explosives  for  Firing 

A  charge  of  explosives  for  the  purposes  of  these  directions  is  considered  to 
be  all  the  explosives  needed  for  a  single  hole  with  cap  and  fuse  or  electric 

blasting  cap  properly  inserted  in  the  stick  of  dynamite  or 

powder  (see  pages  44  to  45)  and  tamped  in  the  hole,  ready 

What  a  Charge  is       to  fire.    The  preparation  of  charges  is  practically  the 

same  for  all  sorts  of  farm  blasting.    The  slight  varia- 
tions advisable  to  suit  different  kinds  of  work  are  not 
enough  to  call  for  separate  treatment,  since  the  principles  are  all  the  same. 

All  who  use  and  buy  explosives  should  read  the  next  chapter,  beginning 
on  page  51,  on  the  nature  and  actions  of  explosives.  It  is  only  the  man  who 
understands  all  the  facts  mentioned  there  who  will  be  able  to  load  and  blast 
with  greatest  ease,  speed  and  results. 

Scope  of  This  Chapter 

It  is  important  for  everyone  who  blasts  to  understand  why  he  does  things, 
as  well  as  how  to  do  them.  For  that  reason  the  following  discussion  of  the 
preparation  of  charges  is  made  full  and  complete,  with  due  attention  to  all 
the  important  factors  involved.  Details  of  any  particular  part  of  the  operation 
can  be  found  quickly  by  referring  to  the  heading  desired,  as  given  in  the  index. 

Readers  who  may  not  desire  a  full  discussion  are  referred  to  the  following 
brief  outline  of  the  process. 

Be  careful  that  explosives,  cap  and  fuse  are  in  perfect  condition.  Cut  a 
length  of  fuse  sufficient  for  the  hole  to  be  loaded,  making  the  cut  clean,  with- 
out dragging  ends,  at  a  slight  slant  of,  say,  30  to  45  degrees  from  right  angle. 

Pick  a  cap  from  the  little  tin  cap  box,  carefully,  with  your  fingers,  and 
slide  it  gently  on  the  end  of  the  fuse.  With  a  proper  cap  crimper  fasten  the 
cap  securely  to  the  fuse,  making  the  crimp  close  to  the  open  end  of  cap.  Avoid 
twisting  or  punching  the  end  of  fuse  against  the  bottom  of  cap  as  well  as  draw- 
ing it  away  from  the  bottom.  For  wet  work  waterproof  the  joint  of  cap  and 
fuse  with  tallow,  soap  or  other  material.    Do  not  use  thin  grease  or  oil. 

Next  punch  a  hole  at  a  long  slant  in  the  side  of  the  stick  to  be  primed. 
Better  use  a  wooden  punch  for  the  purpose.  The  handle  of  the  cap  crimper 
may  be  used. 

Insert  the  cap  in  the  hole  made  as  described,  tie  the  fuse  in  place,  and, 
for  wet  work,  waterproof  all  openings  in  the  stick.    You  then  are  ready  to  load. 

Provide  space  enough  in  the  hole  at  the  proper  point  to  hold  the  required 
amount  of  explosives  in  a  bulk  that  is  not  too  long.  Be  sure  before  you  start 
to  press  in  the  sticks  to  the  bottom  of  the  hole  (see  page  26)  that  there  is  enough 
clearance  to  permit  their  easy  and  certain  entrance.  Tamp  fully  and  firmly 
up  to  the  top  of  the  hole. 

The  charge  is  now  ready  to  fire,  which  may  be  done  by  pressing  the  burn- 
ing or  flaring  head  of  a  freshly  scratched  match  against  the  powder  in  the  split 
end  of  the  fuse. 

Carrying  Explosives  and  Supplies 

The  place  to  keep  the  explosives  is  in  the  magazine  or  storage  place,  and 

not  with  you  in  the  field.    Carry  with  you  in  warm  weather  only  enough  for  the 

job  or  the  day,  or  in  cold  weather  only  as  much  as  can  be 

-^         .  kept  warm  and  in  condition  for  firing  until  you  are  through 

iTOtecuon  loading.    Keep  explosives  separate  from  caps. 

of  Explosives  p^  g^^  ^^y  ^^  ^^^^  ^g  ^^p3^  f^^  j^j^j  gj^j^jl  ^qqIj  ig 

in  a  basket.    Put  a  piece  of  blanket  in  the  bottom,  to  keep 
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cut  dampneu  when  the  basket  is  on  the  ground.  Some  blasters  use  an 
explosives  box  for  the  purpose,  putting  a  wood  handle  or  double  wire  bale  on 
it.  The  tight  wood  box  probably  is  a  little  better  than  the  basket  because  it 
affords  somewhat  more  complete  protection  to  the  contents. 

Whatever  the  method  of  carrying  the  explosives,  it  should  be  well  pro- 
tected. This  consists  in  keeping  the  hot  sun  aS  it,  keeping  rain  and  fog  off 
it,  keeping  it  away  from  dampness  of  the  ground,  and  keeping  it  safe  from 
meddlesome  people  and  animals. 

Many  blasters  prepare  charges  before  going  to  the  field,  but  it  is  better 
practice  to  carry  along  the  tools  and  materials,  and  to  put  them  together  or 
make  the  primers  on  the  spot  after  all  the  holes  are  made  in  the  ground  or 
rock,  and  when  everything  is  ready  for  the  firing  except  to  put  the  explosive  in 
place. 

These  remarks  are  given  as  reminders.  Full  discussion  of  proper  handling 
and  storing  of  explosives  can  be  found  on  pages  66  to  68  respectively. 

Tools  and  Materials  Requirtd 
The  first  step  in  preparation  of  charges  is  to  assemble  the  following:  as 
many  sticks  of  explosive  (or  parts  of 
■tick,  if  charges  are  to  be  less  than  full 
■ticks)  as  there  are  holes  to  be  primed; 
an  equal  number  of  caps;  a  sufficient 
quantity  of  fuse;  some  string;  a  wood 
punch  with  an  end  the  size  of  a  cap  for 
about  3  inches;  a  pair  of  cap  crimpers; 
a  pocket  knife.  If  the  holes  are  very 
damp  or  full  of  water  you  also  will  need 
some  tallow  or  other  waterproofing 
material.  In  certain  cases  a  sharp 
hatchet  or  axe  and  a  block  of  wood  will 

be  worth  having.    The  purpose  and  use  .  ..        ,  , 

of  these  items  will  be  made  clear  later.      *  '"""^  ■"" '"  ""^  "■"""  "  '^*- 

Putting  Caps  and  Fust  Toother  {Making  Primers) 
Fuse  is  described  as  to  sizes  and  properties  on  page  65  and  caps  on 
pages  64  to  65.  Readers  who  are  not  familiar  with  them  should  turn  to 
those  pages  at  this  point.  Unroll  the  fuse  and  cut  off  a  length  that  will  be 
enough,  since  fuse  bums  about  2  feet  in  a  minute  (there  are  variations — see 
page  66). 

Three  feet  will  give  you  V/z  minutes  or  a  sufficient  time  to  get  beyond 

danger  under  ordinary  conditions.    The  fuse,  of  course,  must 

be  long  enough  to  reach  out  of  the  mouth  of  the  hole  when  the 

The  Fuse       charge  is  in  place.     Measure  the  depth  of  the  hole  before  you 

cut  the  fuse. 

Warm  cold  fuse  before  attempting  to  bend  it.  It  may  be 
taken  into  any  warm  room  for  the  purpose  but  should  be  subjected  to  no  heat 
grrater  than  110  degrees.  If  for  any  reason  you  have  doubts  about  the  con- 
dition of  your  fuse,  cut  off  a  foot  or  more  and  try  it  without  any  cap  or  explo- 
sive.   If  it  will  bum  properly  it  is  all  right. 

Be  sure  to  get  fresh  ends  both  for  the  match  and  to  put  into  the  cap.  If 
fuse  tias  been  cut  for  some  time  into  lengths,  it  is  well  to  cut  off  short  pieces 
from  the  old  ends  in  order  to  bring  fresh  powder  right  to  the  tips. 


Cut  the  fuse  off  at  a  very  slight  angle  or  bevel — say  30  to  45  degrees,  as 

shown  in  the  diagram.     This  slant  is  for  the  purpose  of  giving  a  little  space 

between  the  actual  end  of  ^e  powder  and  the  explosive 

material  in  the  bottom  of  the  cap,  to  enable  the  spark 

Cutting  the  Fuse      to  spit  into  material 

The  only  way  to  regulate  the  space  is  to  cut  the 

fuse  as  directed  and  let  the  long  tip  rest  gently  against 

the  bottom  of  the  cap.    The  spark  has  a  better  chance  to  ignite  the  explosive 

material  in  the  cap  when  it  spits  from  the  end  of  the  fuse  than  when  it  merely 

bums  up  to  the  end  without  any  space  to  spit  into. 

The  end  of  the  fuse  where  cut  off  should  be  clean  and  free  from  dragging 
ends  and  threads.  If  it  is  not  cut  off  clean,  part  of  the  covering  may  double 
over  the  end  of  the  fuse  in  the  cap  and  keep  the  spark  away  from  the  explosive, 
causing  a  misfire.  Be  careful  to  keep  both  ends  of  fuse  off  damp  ground  and 
out  of  puddles  of  water. 

If  the  fuse  has  been  mashed,  or  is  too  thick  to  go  into  the  cap  easily,  do 
not  peel  off  any  of  the  covering.  Reduce  the  diameter  by  squeezing  it  with 
the  cap  crimpers  or  by  rolling  it  on  a  smooth  surface  under  a  knife  blade  or 
other  smooth  implement.  Sometimes  you  can  reduce  it  by  rolling  it  between 
the  thumb  and  finger. 

The  very  best  way  to  cut  fuse  is  on  a  block  of  wood  with  a  sharp  knife. 
The  blade  can  be  pressed  right  through  the  fuse  and  will  make  a  clean  cut. 
Another  good  tool  is  a  sharp  axe,  to  be  used  on  a  block  of  wood.  The  method 
of  cutting  is  of  small  importance,  just  so  the  actual  cut  is  made  smooth  Mid 
even  enough.  If  you  do  use  other  tools,  have  a  knife  with  you  to  trim  up  ends 
that  are  not  true.  Be  careful  to  avoid  twisting,  pinching  or  otherwise  knock' 
ing  the  freshly  cut  end  of  the  fuse  about,  for  you  may  shake  out  the  powder 
back  far  enough  to  cause  a  misfire.  The  powder  should  come  out  flush  with  end. 
To  get  one  cap  out  of  the  tin  box  in  which  they  came,  tilt  the  box  up  on 
edge  till  some  of  the  caps  slide  forward,  and  then  pick  the  cap  up  with  your 
fingers.  Don't  attempt,  on  penalty  of  losing  a  band,  to  take  a  cap  out  of  a 
box  by  running  a  nail  or  a  little  stick  or  the  fuse  into  it  in  the  box.  Be  care- 
ful you  do  not  drop  a  cap  to  the  ground  or  floor. 

Turn  the  cap  upside  down,  to  make  sure  there  is  no  dirt  in 
it,  and  gently  slide  it  on  the  fuse  till  the  end  of  the  fuse  just 
The  Cap       touches  the  bottom  of  the  cap.    Do  not  ram,  press  or  twist  the 
end  against  the  bottom. 

Hold  the  fuse  with  capped  end  up,  to  keep  the  cap  from 
sliding  off,  and  crimp  the  cap  fast.    This  you  do  with  the  special  plier-like 
tool  called  a  cap  crimper.    The 
"crimp"  is  made  by  pinching  the 
open  end  of  the  cap 
tight  to  the  fuse.     It 
Crimping      should  be  made  with- 
in  the    last    quarter 
Inch  of  the  open  end 
of  the  cap.    Never  make  it  toward 
the  closed  end  because  you  might 
disturb  the  explosive  material  in 
the  bottom  of  ^e  cap  and  cause  it 

"Crimp"  or  (utan  caps  to  fuia  with  ■  [eiuUr  crimp-        ,..  p_n|-,J. 

ids  tool.    Thli  tool  dots  tlw  Job  f«r  bettor  thu  il        *"  C^IOOC. 

cm  be  done  ia  mnj  oth«  w»ir.  Cap  crimpers  are  su[^lied  by 


all  makera  of  explosives.  Order  one  or  more  when  you  buy  your  explosive.  It 
is  well  to  have  an  extra  one  about  to  use  in  case  you  lose  one  on  extensive  jobs. 
This  fastening  of  the  fuse  to  the  cap  is  one  of  the  points  in  blasting  where 
a  great  deal  of  abuse  occurs.  Blasters  think  they  can  taEe  a  chance  with  danger 
or  with  misfiTcs,  and  attempt  to  crimp  the  caps  some  other  way.  Except  in 
extreme  emergency  don't  try  to  crimp  a  cap  with  anything  except  a  regular  crimp- 
ing tool;  but  there  are  times  when  one  may  not  have  a  crimper  nor  be  in  a  posi- 
tion to  wait  till  one  can  be  purchased.  There  is  a  way  out  of  this  difficulty 
— which  is  to  secure  a  makeshift  crimp  with  something  else  than  a  crimper. 
It  is  possible  to  use  a  pair  of  pliers,  or  a  small  pair  of  pincers,  and  accomplish 
something  that  may  hold  the  cap  on  the  fuse.  The  best  makeshift  crimp  is 
to  take  a  fold  of  the  cap  up  at  oim  side  of  the  mouth  with  a  ptir  of  close 
fitting,  square-noied  pliers.  Be  careful  while  doing  this  that  you  do  not 
grind  the  end  of  fuse  against  the  bottom  of  cap,  or  pull  the  end  back  from 
the  bottom.  If  the  fuse  should  pull  away  from  the  bottom  of  cap  a  quarter 
inch,  a  misfire  likely  would  result. 


Vateif(o<]<<i  TMdi  tor  liwdini  ia  «■■  holes. 

When  the  charge  is  to  be  placed  in  a  dry  hole,  waterproofing  is  not  needed, 
but  in  a  wet  hole  the  connections  between  fuse  and  cap 
must  be  made  water-tight  with  tallow  or  soap.  Do  not  use 
Waterproofing  grease,  because  it  may  unite  with  the  tar  in  the  compo- 
sition of  the  fuse  cover  and  soften  it,  when  the  powder  train 
will  be  ruined.   Water  In  the  cap  will  surely  make  it  worthless. 

Insetting  Caps  in  Explotitx 

The  best  location  for  a  cap  in  a  stick  of  explosive  for  farm  blasting  is  in  a 

hole  in  the  side,  about  an  inch  and  a  half  from  one  end.    The  best  position 

for  the  cap  at  this  point  is  at  a  slant  that  takes  it  in  from  the  side  toward  the 

center,  but  as  near  longways,  or  parallel  with  the  sides  of  the  stick,  as  possible. 


Imp  the  doubled  and  of         PoU  loop  tlxht,  btai  wires  luert  up  Id  eUntiiuE  holt 

due  wim  enr  end  si         at  up,  poach  Blutinc  hole  lo  bend  of  wLree.  tSe  ni 

■(■«•  in  atiek  hiib  np  and  round  ilick  in  wiru.  (WiterimJ 

M  Ma  •  little,  taolei  U  (mund  ii  wai) 


In  other  wordt,  when  making  the  hole  for 
Position  of  the  cap  in  the  explosive,  make  it  with  as 
Cap  io  Stick     long  a  slant  down  toward  the  other  end  of 

the  stick  as  possible.  There  are  reasons  (or 
this  connected  with  superior  or  inferior  detonation. 

Another  style  of  priming  much  used  is  to  set  the  cap  , 

in  a  hole  made  in  the  end  of  the  stick  of  explosive,  and  | 

then  to  tie  the  paper  about  the  fuse  or  wires.  This  is  good 
so  long  as  it  is  not  damaged,  but  experience  shows  that  the 
tamping  stick  often  bends  the  fuse  over  sharply  when  the 
primed  stick  is  pressed  into  the  hole  and  sometimes  even 
interferes  with  the  cap  itself.  With  side  priming  there  is 
a  cushion  of  the  soft  explosive  between  the  end  of  the  stick 
and  cap.  Ejid  priming  always  is  good  provided  sufficient 
care  is  taken  in  loading  to  prevent  disturbing  or  displac- 
ing the  Fuse  or  cap  with  tamping  rod. 

When  all  the  explosive  is  removed  from  its  stick  — 

wrappings,  the  cap  must  be  inserted  in  the  loose  expio-  ^^  jtimim. 

sive.  This  should  be  done  by  making  a  hole,  as  in  a  stick.  But  it  scldcm 
pays  to  take  all  the  explosive  out  of  stick  wrappings.  Nearly  always  you  can 
leave  a  half  stick  of  explosive  Intact  for  the  cap. 


To  make  the  hole  for  the  cap  use  the  handle  of  the  cap  crimper  or  a 
wooden  punch  just  a  little  larger  than  the  cap.  The  hole  should  be  large  enough 
to  let  the  cap  in  without  much  pressing,  but  should  leave  no 
air  space  about  the  cap.  The  depth  of  the  hole  also  is  im- 
portant. It  should  be  just  enough  so  that  the  entire  cap 
can  be  buried  in  the  explosive,  but  not  any  deeper.  If  it  is 
deeper,  the  cap  may  be  forced  on  down  to  the  bottom,  which 
will  leave  some  of  the  fuse  in  contact  with  the  explosive 
(may  cause  burning  instead  of  exploding  of  powder),  or  the  cap  may  be  seated 
just  inside  the  wrapping,  leaving  an  air  space  at  the  inside  end  or  bottom  of 
the  hole,  which  may  lower  the  effectiveness  of  the  explosive. 

When  the  cap  is  seated  in  its  hole  in  the  side  of  the  stick,  the  fuse  will 
extend  up  along  the  stick  past  the  near  end.  It  must  be  tied  in  this  position, 
so  securely  that  the  fuse  and  the  cap  will  not  be  pulled 
back  in  handling  or  by  rubbing  against  the  side  of  the  hole 
when  the  stick  is  pressed  down.  The  best  way  to  secure 
it  is  to  wrap  a  strong  string  several  times  below  the  point 
where  the  cap  is  inserted,  then  give  two  or  three  wraps 
about  the  fuse,  and  pull  tight  and  tie;  or  take  two  loops 
about  the  fuse  and  then  several  wraps  about  the  stick. 


Making  Hole 
in  Explosive 


Fastening  Fuse 
to  Explosive 


When  the  foregoing  directions  have  been  complied  with  you  have  a  stick 
of  explosive  primed  with  a  cap  and  fuse.  It  is  ready  to  put  in  the  hole  in  the 
rock  or  ground. 

Loading  Charges  in  Holes 

You  will  need  a  tamping  stick.  This  must  be  ctf  wood,  and  had  better  be 
about  the  size  of  a  stick  of  explosive,  which  usually  will  be  \%  inches  in  diam- 
eter, except  in  case  of  blockhole  blasting  of  boulders,  when  a  smaller  stick 
sometimes  ii  needed  to  go  in  small  drill  holes.  Never  use  a  metal  rod  for 
tamping.  Make  sure  that  the  hole  is  ready.  It  must  be  big  enough  to  allow 
sticks  of  explosive  to  slide  down  easily  (except  in  the  case  of  small  holes  drilled 
in  rock,  when  the  explosive  all  must  be  taken  out  of  the 
Tamping  rod  stick  wrappings  and  crumbled  and  pressed  into  the  hole). 
Loose  stones,  sharp  stones  and  roots  that  obstruct  the  hole 
should  be  removed  with  a  bar  or  spoon  scraper.  This  work  must  be  com- 
pleted before  starting  to  load.  If  obstructions  fall  into  the  hole,  after  some 
of  the  explosive  is  in  place,  don't  try  to  remove  it  by  force.  Make  another 
hole  at  a  safe  distance  from  the  first,  put  in  another  charge  and  fire  it. 

Measure  the  hole  with  your  tamping  stick  and  judge  if  there  is  space  for 
the  required  charge  at  the  right  point.    Nearly  always  a  charge  of  explosives 


Tha  tunptaf  nd  gbould  be  of  wood. 

should  be  as  much  on  a  pile  as  possible.  If  one  or  2  sticks  are  all  the  explosive 
required,  it  usually  will  not  hurt  to 
put  them  end  to  end.  But  if  3  or  more 
sticks  are  required,  to  put  them  end  to 
end  makes  the  charge  too  long,  and 
places  the  force  of  the  blast  elsewhere 
than  where  it  should  be. 

When  your  judgment  tells  you 
that  the  charge  should  be  tn  a  more  or 
less  round  bulk,  enlarge  the  hole  at  the 
point  where  the  charge  should  be  made. 
Sometimes  this  can  be  done  by  scrap- 
ing it  out  at  the  bottom  with  a  toe-bar 
or  spoon-bar.  Again,  if  much  enlarg- 
ing is  required,  it  is  well  to  use  a  smidl 
amount  of  explosive  to  secure  it.  This 
is  called  springing.  To  do  this  prime 
about  a  quarter  of  a  stick  as  usual, 
and  push  it  to  the  bottom  of  the  hole. 
Use  no  tamping.  After  it  is  fired  wait 
till  the  hole  cools,  and  you  will  find 
a  cavity  large  enough  for  your  full 
charge. 

It  is  better  to  avoid  springing 
holes  if  you  can,  on  account  of  the  fact 
that  the  cavity  often  is  enlarged  too 

much,  and  the  surrounding  earth  is  loosened  so  much  as  to  injure  confinement. 

(See  page  55  on  detonation).    A  gre«t  deal  can  be  done  by  scraping  the  small 

auger  hole  out  to  2  or  3  inches  in  diameter  at  the  bottom  and  then  causing  the 
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sticks  to  enlarge  and  fill  the  hole  solidly.  To  accomplish  this  enlargement  of 
sticks,  slit  their  wrappings  3  or  4  places  lengthwise,  from  end  to  end.  Then 
press  them  home  with  the  tamping  stick.  They  will  expand  and  shorten.  Four 
to  6  sticks  in  this  way  can  be  got  into  the  full  length  of  two. 

Still  another  way  is  to  take  the  explosive  entirely  out  of  the  stick 
wrappings,  and  with  the  help  of  a  tin  or  paper  tube,  such,  for  instance,  as 
calendars  are  mailed  in,  funnel  it  down  to  the  bottom  of  the  hole.  But  neither 
this  method  nor  slitting  the  sticks  is  wise  in  wet  holes.  It  is  true  that 
nitroglycerin  powders  will  stand  considerable  water,  but  the  safe  rule  in  wet 
blasting  is  to  leave  the  sticks  intact.  Ammonia  powders  or  dynamites  will 
not  stand  wetting  inside  the  paper  of  the  sticks  without  damage.  (Never 
imder  any  circumstances  cut,  break,  unwrap  or  punch  holes  in  explosive  that 
is  frozen.   You  invite  an  explosion  in  your  hands  when  you  do). 

When  there  is  more  than  one  stick  in  the  charge,  place  the  primed 
stick  on  top  of  the  others — put  it  in  the  hole  last  or  next  to  last — when 
using  the  cap-and-fuse  method  of  firing. 

Be  sure  that  all  parts  of  the  charge  are  in  firm  contact.  It  will  not  do  to 
have  air  spaces,  or  dirt,  or  wrinkled  paper  between  the  sticks.  While  all  the 
powder  likely  would  go  off  under  these  conditions,  it  will  not  do  as  much 
work  as  it  should. 

The  sticks  of  explosive  may  fit  tightly  in  the  holes.  In  that  case  do  not 
ram  or  pound  them,  but  press  firmly  against  them,  one  at  a  time,  with  the 
tamping  stick.  Press  the  explosive  into  tight  contact  with  the  sides  all  round, 
at  the  bottom  of  the  hole. 

Tamping 

Tamping  is  a  necessity.    The  charge  should  be  tightly  confined.    It  is  only 
in  springing  holes  and  sometimes  in  digging  post  holes  that  no 
tamping  is  advisable,  and  in  ditching  that  the  quantity  needed  is 
Tampixkg      less. 

When  the  explosive  is  in  place  at  the  bottom  of  the  hole, 
start  the  tamping  by  rolling  in  some  loose  ground.  Keep  the 
tamping  stick  working  up  and  down  to  seat  this  ground  against  the  explosive, 
though  make  no  effort  to  get  it  tight  till  there  is  a  few  inches  or  so  over  the 
explosive.  An  exception  to  this  rule  is  in  the  case  of  blockhole  blasting  of  boul- 
ders and  ledges,  when  damp  clay  tamping  should  be  packed  solid  all 
the  way  down  to  the  explosives.  The  rule  for  the  least  contents  of  tamping 
that  will  do  good  work  is  that  it  should  be  6  or  7  times  as  deep  as  the  hole  meas- 
ures in  diameter. 

If  the  tamping  is  less  than  this,  the  best  results  will  not  be  secured, 
hence  deep  holes  often  are  necessary  for  the  sake  of  confinement  of  charge  as 
well  as  to  contain  the  amount  of  powder  used. 

Hold  the  fuse  to  one  side  with  one  hand  while  the  tamping  stick  is  worked 
with  the  other  hand.  Rake  the  dirt  to  the  mouth  of  the  hole  and  be  careful  to 
get  in  the  hole  only  earth — not  clods,  sticks,  grass,  etc.  Be  very  careful  not 
to  damage  the  cover  of  the  fuse  with  the  tamping  stick. 

Fill  the  hole  to  the  top  with  tamping,  and  make  it  tight.  The  best  material 
for  tamping  is  moist  clay.  Tamping  material  always  is  better  when  made  wet 
enough  to  ball.  In  fact,  there  isn't  much  better  tamping  than  water  itself  in 
the  hole,  when  it  can  be  made  to  cover  the  charges  deeply  enough.  Use  the 
heaviest  earth  within  reach,  and  if  it  is  dry,  better  carry  some  water  for 
wetting  it. 
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Firing 

The  free  end  of  the  fuK  will 
iticlc  out  of  the  hole  filled  with 
tamping,  say  about  4  inches.  Youi 
remaining  work  is  to  set  fire  to  the 
powder  in  the  fuse,  till  it  begins  tc 
spit  continuously.  Split  the  end  ot 
fuse  with  your  pocket  knife  to 
make  it  light  euily.  Put  the  flar- 
ing head  of  a  freshly  scratched 
match  against  the  powder  exposed 
^^  *'  t^S^^^t^^^T"'  '^'      by  the  cuL 

Preparing  Ckarget  for  Eledric  Firing    (Making  Primers) 
Up  to  this  point  in  the  directions  for  preparing  charges  the  text  has  spoken 
only  of  caps  and  fuse.    When  the  firing  is  to  be  done  with  an  electric  blasting 
machine  instead  of  fuse,  you  must  use  electric  blasting  caps. 

These  come  from  the  makers  with  the  wires  already  fastened  in  them. 
(Sec  pages  64  and  65.)  They  arc  ready  to  be  inserted  in  Uie  stick  (rf  explosive 
without  any  preparation  such  as  ordinary  caps  and  fuse  require. 

Make  a  slanting  hole  in  the  stick  of  explosive  just  as  is  described  on  page 
44  to  46.  Into  this  insert  the  electric  blasting  cap,  letting  its  wires  project 
just  as  the  fuse  does  when  fuse  is  used.  Then  tie  the  wires  to  the  stick  with  a 
string  as  fuse  is  tied,  to  prevent  the  cap  from  being  pulled  partly  or  entirely 
out  of  the  hole. 


It  la  batter  t 

It  is  a  little  difficult  to  tie  the  wires  tight  enough  with  a  string  to  prevent 
slipping.  Another  way  to  fasten  them  securely  is  to  pass  the  wires  through 
the  stidc.  To  do  it  punch  a  hole  straight  through  the  stick  of  explosive  about 
the  middle.  Double  the  wires  about  6  Inches  back  of  the  cap  and  pass  the 
doubled  end  through  this  hole.  Then  loop  the  doubled  ends  from  the  other 
side  back  round  the  lower  end  of  the  stick.  Take  up  the  slack  in  the  wires 
and  you  will  have  a  sure  fastening.  The  cap  can  be  inserted  in  the  stick  at 
another  point,  in  a  slanting  hole,  just  as  described  previously. 

In  fixing  wires  of  electric  blasting  caps  to  sticks,  avoid  crossing  them  and 
avoid  bending  them  sharply  or  in  any  manner  that  will  break  their  insulating. 
If  the  insulating  is  broken  it  likely  will  cause  a  short  circuit,  which  will  result 
in  a  misfire.  NeOer  lakfi  a  half  hitch  about  the  stick  ^'^h  the  wires.  Do  not  pull 
at  the  wires  and  the  cap,  because  to  do  so  may  break  the  fine  bridge  wire  that 
causes  the  cap  to  explode  when  the  current  goes  through. 
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Load  these  primed  sticks  the  same  as  is  directed  for  fuse  primed  charges. 
Be  careful  to  avoid  rupturing  the  insulating  on  the  wires  with  small  stones  in 
the  hole  or  with  the  tamping  rod. 

The  finishing  of  the  tamping  leaves  two  wires  projecting  from  each  hole. 
They  must  be  connected  with  the  blasting  machine  or  other  source  of  current 
with  connecting  wire  and  leading  wire,  in  the  manner  described  fully  on  pages 
60  to  63.    Further  discussion  is  not  needed  at  this  point. 

Some  General  Suggestions 

In  priming  sticks  of  explosive  with  fuse  and  blasting  cap,  you  must  be 
careful  to  avoid  permitting  the  fuse  to  touch  the  explosive.  High  explosives 
will  bum  like  gasoline  or  coal-oil.  They  are  very  easily  set  on  fire  by  sparks 
spitting  from  fuse.  When  they  are  burning  the  explosion  will  be  very  much 
weaker  than  it  otherwise  would  be,  and  will  give  off  noxious  gases. 

A  very  frequent  cause  of  misfires  is  the  bending,  kinking  and  crooking  of 
fuse.  This  is  especially  frequent  when  .the  cap  is  inserted  in  the  center  of  the 
end  of  the  stick  of  explosive  and  then  carelessly  forced  over  against  the  side  of 
the  hole  by  the  tamping  stick  and  tamping  material.  Keep  the  fuse  straight, 
and  never  under  any  circumstances  lace  it  through  the  stick  of  explosive.  That 
is  a  sure  cause  of  trouble. 

If  it  becomes  necessary  to  remove  a  cap  from  a  primed  stick  of  explosive, 
do  it  gently  and  carefully,  and  unless  the  cap  and  fuse  are  immediately  to  be 
inserted  in  another  stick,  destroy  them  both  by  lifting  a  shovelful  of  earth 
and  putting  the  cap  under  the  ground  in  the  hole,  after  which  light  the  fuse 
and  go  away. 

It  is  better  not  to  lift  or  carry  the  primed  stick  of  explosive  by  the  fuse 
or  wires  when  it  can  be  helped.  When  a  practice  of  carrying  primed  sticks 
by  the  fuse  is  made,  misfires  and  poor  explosions  will  be  caused,  not  every 
time,  but  often  enough  to  make  it  wiser  not  to  do  so.  The  cap  often  is  pulled 
back  in  spite  of  the  tie  string. 

Where  explosives  that  are  subject  to  water  damage  are  used  in  work  that 
is  wet,  matters  can  be  helped  by  making  the  sticks  waterproof  with  tallow, 
paraffine  or  other  suitable  material.  It  is  practicable  to  stop  all  the  seams  on 
the  sticks,  load  and  fire  without  delay,  even  with  explosives  that  would  be 
put  out  of  business  if  the  water  got  at  the  actual  material  instead  of  only  at 
the  wrappings  of  the  sticks.  Pay  particular  attention  to  waxing  or  tallowing 
the  place  where  the  cap  and  wires  go  into  the  stick. 

When  doing  wet  blasting,  use  every  care  to  keep  the  outer  end  of  the  fuse 
from  dropping  into  the  water  or  from  resting  on  damp  ground.  The  inner 
wrappings  of  fuse  and  the  powder  train  itself  take  up  water  like  a  blotter.  Oh 
a  very  foggy  day  it  is  well  to  keep  fuse  in  a  closed  box.  Mist  and  rain  of 
course,  will  damage  it. 
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Explosives  and  Blasting  Supplies 

The  catalogs  of  manufacturers  are  not  intended  to  give  all  the  fundamental 
facts  about  and  the  differences  between  the  various  explosives.  To  do  so 
would  take  too  much  space.  They  give  the  trade  names  and  the  measure- 
ments and  weights  of  sticks  and  boxes,  demanded  by  purchasers,  and  are  pre- 
pared on  the  supposition  that  blasters  and  buyers  of  explosives  know  what 
they  need.  This  bulletin  includes  explanations  of  the  names  under  which 
blasting  explosives  are  made  and  marketed,  outlines  their  properties,  and  makes 
clear  the  work  and  conditions  for  which  each  grade  is  intended  and  suited. 

Explosives 

There  are  scores  of  different  kinds  of  explosives  made  and  used  for  blast- 
ing purposes,  and  many  dozens  of  different  names  used  for  them.    The  most 
familiar  name  of  any  explosive  in  America  is  dynamite.    Another 
familiar  term  is  powder.    Other  names  are  farm  powder,  quarry 
Names      powder,  contractor's  powder,  coal  powder,  stumping  powder,  Jud- 
son  powder,  gelatin,  blasting  gelatin,  R.  R.  P.,  giant  powder,  blast- 
ing powder  and  dozens  of  others. 
Nearly  every  one  of  the  explosives  designated  by  these  names  are  made 
in  several  strengths,  and  in  qualities  to  suit  varying  conditions.    For  this  rea- 
son figures  and  other  marks  are  attached  to  the  names  to  distinguish  the  grades. 
In  addition  to  this  some  of  the  names  are  used  to  designate  not  only  one  cer- 
tain explosive  but  several  widely  different  ones.    This  is  particularly  true  of 
the  names  dynamite  and  powder.    The  selection  of  names  in  the  preceding 
paragraph  is  made  for  illustrative  purposes,  and  is  not  to  be  taken  in  any  sense 
as  a  recommendation  of  those  explosives  for  any  purpose.    The  recommen- 
dations are  given  in  detail  on  other  pages. 

All  blasting  explosives  are  not  made  from  the  same  ingredients,  and  they 
differ  a  great  deal  in  many  other  ways  than  in  quality,  as  quality  is  generally 
understood.    You  can  buy  commeal  that  is  good,  bad  or  indifferent,  but  when 

you  buy  explosives  you  will  find  there  are  few  which  can  be 

classed  as  of  poor  quality.    Nearly  every  standard  kind  and 

Differences      grade  is  of  excellent  quality  for  some  particular  purpose  and 

condition.  And  practically  every  one  can  be  classed  as  of  poor 
quality  for  conditions  and  purposes  to  which  it  is  not  suited. 
Nor  is  the  difference  one  of  size  of  stick  or  grain,  as  the  case  may  be,  though 
this  is  one  element.  The  main  differences  are  ones  of  strength,  quickness  or 
speed  of  gases,  sensitiveness,  resistance  to  cold  and  to  water,  density,  fumes 
and  cost.  Some  explosives  are  suitable  for  wet  work,  and  others  only  for  dry 
work;  some  are  adapted  to  blasting  hard,  tough  rock,  others  to  blasting  ground 
only;  some  freeze  when  chilled  a  little;  others  can  be  exposed  freely  without 
freezing.  And  it  should  be  noted  that  many  of  the  better  explosives  of  to-day 
have  been  developed  during  recent  years  and  are  comparatively  new.  The  ex- 
plosive to  buy  for  any  particular  work  is  the  best  one  on  the  market  for  all 
the  conditions  involved. 

Black  blasting  powder  has  been  known  and  used  for  several  hundred 
years,  and  it  is  practically  the  same  to-day  as  it  has  been  for  a  long  time.    It 

is  composed  of  saltpeter  or  nitrate  of  soda,  sulphur  and  char- 
coal.   It  does  not  vary  in  strength,  and  varies  little  in  other 
Explosive         properties. 

Ingredients  The  dynamites  and  high  explosive  powders  have  little  or 

no  relation  to  black  blasting  powder.    They  depend  for  their 
explosive  force  on  other  explosive  chemicals  the  best  known  of 
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which  are  nitroglycerin  and  ammonium  nitrate.    It  is  not  necessary  in  this 
brief  description  to  name  additional  explosive  elements. 

The  first  dynamite  was  made  in  Europe  by  mixing  nitroglycerin  with  a 
light  spongy  earth,  and  packing  the  mixture  in  paper  tubes  as  sticks  of  dyna- 
mite and  powder  are  packed  to-day.  Nitroglycerin  itself  is  a  wonderfully  ef- 
ficient explosive  when  it  can  be  controlled,  but  it  is  so  dangerous  and  unstable 
that  it  must  be  mixed  and  treated  to  make  it  safe  enough  to  handle. 

As  other  explosive  chemicals  become  better  understood,  it  has  been  found 
of  advantage  to  substitute  materials  that  are  explosive  for  the  light  earth  used 
to  absorb  the  nitroglycerin.  And  more  than  that,  the  nitroglycerin  itself  has 
been  displaced  to  varying  degrees  in  some  of  the  powders  and  dynamites  by 
ammoniiun  nitrate  and  other  materials.  Few  blasting  explosives  contain  no 
nitroglycerin  at  all,  but  many  contain  only  4  or  5  per  cent,  of  it.  Each  of  these 
combinations  of  materials,  or  formula,  has  its  own  peculiarities  in  addition  to 
variation  in  strength,  all  of  which  information  it  is  well  for  a  buyer  and  blaster 
to  understand. 

The  explosives  marketed  as  "straight  dynamites'*  and  "straight  powders" 
are  made  from  nitroglycerin.  Those  made  from  an  ammonium  nitrate  base 
are  called  by  many  manufacturers  "extra"  dynamites  and  powders.  Gelatin 
dynamites  and  blasting  gelatin  are  nitroglycerin  explosives  in  which  the  nitro- 
glycerin has  been  combined  with  gun  cotton.  The  various  special  mine,  quarry, 
stumping,  farm  and  other  miscellaneous  dynamites  and  high  explosive  powders 
on  the  market  are  not  so  named  that  their  ingredients  can  be  determined  with- 
out a  statement  from  their  makers. 

The  power  of  an  explosive  and  its  violence  are  two  different  qualities. 
The  power,  or  direct  strength,  is  due  to  the  volume  of  the  gases.    If  a  pound 

of  a  certain  explosive  gives,  for  instance,  1,000  cubic  feet 

of  gas  when  completely  detonated  or  fired,  while  a  pound 

Strength  and         of  another  explosive  gives  500  cubic  feet  and  a  pound  of  a 

Quickness  third  gives  2,000,  the  lifting  power  of  each  explosive  will 

be  in  direct  proportion  to  its  gas  volume. 

But  the  violence  of  the  gases  depend,  not  on  their 
volume,  but  on  their  speed.  If  they  are  comparatively  slow  in  forming  and  in 
forcing  their  way  out  of  their  confinement  they  will  break  out  large  cracks 
and  escape  through  them,  pushing  the  material  aside.  If  they  are  very  fast 
or  quick,  they  will  grind  and  pulverize  everything  they  come  in  contact  with,  and 
throw  out  the  whole  side  of  the  confining  material,  but  will  not  crack  it  so  far. 

The  matter  can  be  made  clear  by  comparing  a  push  with  a  blow  of  a  hammer. 
Both  may  have  equal  power,  but  the  effects  on  a  block  of  wood,  for  instance, 
at  the  point  where  they  are  applied  are  very  different.  The  push  will  move 
the  object  almost  without  marking  it.  The  blow  may  move  it,  but  it  is  sure 
to  leave  a  mark  of  greater  or  less  depth,  depending  on  the  nature  of  the  ham- 
mer and  its  speed.  A  still  better  comparison,  perhaps,  is  that  between  the  blow 
of  a  sledge  and  of  light  hammer.  It  is  possible  to  hit  a  blow  of  as  much  power 
or  weight  with  one  as  with  the  other,  but  the  material  at  the  point  where  the 
blow  lands  with  the  light  hammer  will  be  badly  dented,  or  maybe  broken. 
The  reason  is  that  the  light  hammer  moves  with  much  greater  speed. 

In  quarries  blasters  make  use  of  these  facts  in  order  to  get  the  rock  broken 
out  in  pieces  of  the  size  preferred.  When  they  want  large  pieces  they  use  an 
explosive  with  sufficient  power  to  break  the  rock,  but,  comparatively  speaking, 
with  a  slow  speed  of  gases;  when  they  want  small  pieces  and  much  shattering, 
they  use  an  explosive  of  the  same  or  greater  power  but  with  swift  and  violent 
gas  action. 
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For  each  result  and  for  each  material  a  certain  power  is  required  and  a 
certain  quickness  of  the  gases  is  best.  By  way  of  illustration,  take  soil  blasting  for 
tillage  purposes.  There  is  no  object  in  violently  grinding  the  earth  at  one  spot 
while  surrounding  earth  that  might  be  reached  is  left  untouched.  A  proper 
explosive  for  this  purpose  is  one  that  will  have  enough  pulverizing  action, 
that  will  lift  and  shake  up  the  soil,  and  that  extends  its  effects  for  long  distances. 
For  an  example  of  the  other  extreme,  take  mud-capping  rocks.  For  this  work 
the  explosive  cannot  be  too  violent  in  action.  The  gases,  backed  up  by  the 
rapidly  yielding  wall  of  air  behind  them,  must  strike  the  rock  a  crushing  blow 
in  the  minimum  of  time. 

Nitroglycerin  and  ammonia  powders  and  dynamites,  for  all  practical  pur- 
poses, are  of  equal  strengths  when  of  equal  markings.  The  strength  is  indi- 
cated accurately  by  percentage  figures. 

Nitroglycerin  explosives  are  uniformly  quicker  and  more  violent  in  action 
than  ammonium  nitrate  explosives,  and  the  more  nitroglycerin  there  is  in  the 
explosive  the  quicker  it  is.  The  ammonia  explosives  are  not  as  quick,  in  any 
strength,  as  the  corresponding  nitroglycerin  explosives.  TherdFore  a  50% 
nitroglycerin  powder  is  more  violent  than  a  50%  ammonia  powder,  and  a 
20%  ammonia  powder  is  much  less  violent  than  a  50%  grade. 

When  the  object  is  to  shatter  and  reduce  to  fine  fragments  the  material  to 
be  blasted,  the  proper  explosive  is  a  quick  one,  while  when  the  object  is  to 
lift  and  shake  up  the  material  the  best  explosive  is  a  slow  one.  (See  table  on 
page  55,  also  detailed  recommendations  on  pages  22  and  25.)  But  there 
are  other  factors  that  must  be  considered. 

Nitroglycerin  explosives  resist  water  better  than  ammonia  explosives,  but 
if  the  cartridge  wrappings  are  not  broken  or  opened,  ammonia  dynamite  or 
powder  can  be  loaded  in  wet  holes  with  entire  satisfaction.  The  firing  should 
not  be  delayed  any  longer  after  loading  than  necessary,  and  it  is  wise  to  plan 
the  work  so  that  it  may  be  done  at  the  longest  within  a  half  hour  after  loading. 
Storage  in  a  damp  place  will  weaken  explosives,  especially  ammonia  explosives. 

Gelatin  explosives  resist  water  very  well,  and  may  be  loaded  in  wet  holes, 
or  under  water,  with  assurance  that  they  will  explode  with  their  full  power. 
Blasting  gelatin  is  entirely  water-resisting. 

Elxplosives  will  freeze,  and  when  in  this  condition  are  dangerous,  and  can- 
not be  fired  properly,  if  at  all,  with  a  cap  of  any  kind.  They  must  be  thawed 
and  they  must  be  handled  very  carefully  if  they  are  to  be  used.  On  no  account 
attempt  to  cut  the  wrappings,  to  break  a  stick,  or  to  handle  the  frozen  explo- 
sive in  the  ordinary  way.    (See  pages  56  to  58  for  directions  for  thawing.) 

Regular  nitroglycerin  explosives  are  quickest  to  freeze.    Others,  known  as 
"Low  Freezing,"  will  stand  much  lower  temperatures  without 
showing  trouble  in  this  respect. 
Freezing  Ammonium  nitrate  explosives  also  will  freeze,  but  not  quite 

so  quickly  as  nitroglycerin  explosives.    Tliey  too  are  made  on 
both  regular  and  low  freezing  formulas.    The  low  freezing  am- 
monia will  stand  more  cold  than  the  low  freezing  nitroglycerin. 

The  regular  explosives  will  freeze  at  temperatures  of  45  to  50  degrees.  ML, 

The  low  freezing  explosives  will  not  freeze  and  become  solid  till  the  thermome- 
ter  gets  down  to  at  least  25  degrees,  and  in  practice  many  of  them  can  be  used 
right  out  in  the  open  without  any  trouble  when  the  temperature  is  down  to 
zero  and  below.  The  length  of  time  the  powder  is  exposed  to  the  cold  has 
much  to  do  with  its  freezing. 

The  safety  point  for  both  low-freezing  explosives  and  regular  explosives 
is  not  a  matter  of  rule,  but  of  watching  the  explosive.     When  high  explosive 
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powder  or  dynamite  is  frozen,  the  sticks  will  be  hard,  and  when  it  is 
partly  frozen  they  usually  will  have  a  mottled  appearance  on  outside  of  the 
paper  wrappings.  The  hardness  may  only  be  in  spots.  When  not  frozen,  the 
sticks  should  be  a  little  soft  all  over.  No  explosives  should  be  handled  much, 
cut,  punched,  rubbed,  broken  or  loaded  when  they  are  frozen.  They  can- 
not be  exploded  satisfactorily  and  such  acts  are  dangerous. 

In  cold  weather  always  use  the  low  freezing  grade  of  explosives,  for  the 
regular  grades  may  freeze  in  the  holes  before  they  can  be  fired.  It  is  a  good  plan 
to  use  the  stronger  caps,  say  No.  8  (see  page  64)  in  cold  weather.  When 
a  charge  of  explosive  is  chilled  but  not  frozen  it  can  be  fired  satisfactorily  by  a 
heavier  impulse  (blow  and  heat)  than  ordinary,  such  as  a  fresh  No.  8  cap  gives. 
The  low  freezing  explosives  do  not  differ  in  action  from  the  regular  explosives, 
and  are  just  as  efficient. 

The  gases  of  explosives  naturally  are  more  or  less  objectionable  when 
breathed.  Some  of  them  are  poisonous,  others  are  merely  disagreeable.  When 
explosives  are  used  out  in  the  open  the  gases  are  taken  up  by  the  air  so  quickly 
that  none  of  them  give  any  serious  trouble,  though  they  do  cause  headaches. 
It  is  only  in  tunnels  and  deep  shafts  where  the  air  is  confined  that  the  matter  of 
fumes  is  important,  not  on  farms. 

Special  explosives  have  been  developed  for  tunnel  and  mine  work,  but  they 
are  not  important  in  agricultural  work.  The  only  fact  about  fumes  worth  know- 
ing in  farm  blasting  is  that  nitroglycerin  explosives  either 
in  the  form  of  their  gases  or  when  absorbed  through  the 
Other  Properties     skin  will  cause  headache  somewhat  quicker  than  ammonia 

explosives.    The  so-called  fumeless  explosives  always  cost 
more  than  any  ordinary  dynamites  and  powders  and  are 
not  suited  to  farm  work.     Farmers  will  do  well  to  buy  grades  of  explosives 
suited  for  their  special  purpose. 

Dynamites  and  most  high  explosive  powders  are  light-colored  materials 
that  look  like  fine,  sticky  sawdust,  and  they  always  are  packed  in  "sticks" 

made  with  cylinders  of  tough  paper.    These  sticks  vary  in 

diameter  and  length.   The  standard  is  13^  inches  in  diameter 

Appearance         and  8  inches  long.   This  is  the  size  carried  in  stock  by  dealers 

of  Explosives      and  in  the  magazines  of  the  makers.    You  can  get  special 

sizes  of  sticks  if  you  need  a  considerable  quantity,  varying 
from  ^  of  an  inch  in  diameter  to  4  inches.  Sizes  other  than  the  standard  I  }/i 
by  8  inch  may  cost  more  per  pound  than  the  standard  owing  to  higher  pack- 
ing cost. 

Dynamites  and  high  explosive  powders  are  packed  in  wooden  boxes  con- 
taining 25  pounds  or  50  pounds,  as  you  prefer.  A  50-pound  box  of  20  %  ammonia 
powder  or  dynamite  will  contain  about  105,  \}/i  by  8  inch  sticks.  If  of  20% 
nitroglycerin,  it  will  contain  about  98  sticks.  If  of  gelatin  dynamite,  or  blasting 
gelatin,  it  will  contain  about  88  sticks. 

A  word  should  be  said  here  about  the  cost  of  explosives.  No  quotations  can 
be  given  because  the  prices  vary  in  different  parts  of  the  country  and  from  time 
to  time.  The  ammonia  products  usually  are  cheapest.  The  cost  of  course 
follows  the  percentage  strength,  the  low  percentages  cheaper  and  the  high  per- 
centages dearer.  Gelatin  explosives  cost  about  the  same  as  straight  nitroglycerin 
explosives.  The  special  explosives  for  use  in  mines,  tunnels,  quarries,  railroad 
construction  work,  etc.,  often  cost  more  than  the  explosives  recommended 
here  for  farm  work. 

In  buying  explosives  look  first  to  getting  the  one  that  is  best  suited 
to  the  work  to  be  done,  and  aside  from  that  the  cheapest  one.     There 
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would  be  no  object  in  using  a  straight  nitroglycerin  or  a  gelatin  explosive  when 
one  of  the  ammonia  farm  powders  would  do  the  work,  for  the  former  explosive 
cost  much  more  than  the  latter. 

To  avoid  "explosive  misfits*'  it  is  well  to  consider  carefully  the  nature  of 
the  material  to  be  blasted,  the  conditions  of  weather,  water,  etc.,  and  the  results 
wanted.  The  kind  of  explosives  to  use  depends  on  these  factors.  Keeping  in 
mind  the  facts  mentioned  in  preceding  paragraphs,  the  reader  will  see  that  there 
is  a  type  of  explosive  made  for  almost  every  condition  and  kind  of  work,  and 
will  understand  why  one  will  not  suit  the  work  of  another. 

As  the  briefest  and  clearest  way  of  giving  general  suggestions  for  the  type 
of  explosive  best  for  different  agricultural  work,  a  table  follows:  (Detailed 
recommendations  are  given  on  pages  21  and  25.) 

Explosives  Recommended  for  Different  Work 

Stone  blasting — mudcap Straight   nitroglycerin   or  ammonia   dynamite, 

50%  or  60%. 

Stone  blasting — undermine. .  .To  break,  same  as  for  mudcapping;  to  throw 

out,  use  any  dynamite  or  powder  of  20%  strength. 

Stone  blasting — blockhole ....  To  shatter  well,  any  high  percentage  dynamite 

or  powder;  to   break  into  large  pieces,   20% 
ammonia  dynamite  or  powder. 

Soil    blasting — ^for    subsoiling 

and  for  tree  planting.. .  .20%  ammonia  dynamite  or  powder. 

Ditching — electric  firing 20%  to  40%  ammonia  explosives;  (nitroglycerin 

is  equally  effective) ;  in  loose  dry  ground,  high 
percentage  nitroglycerin  explosives. 

Ditching — transmitted  detona- 
tion   Straight  nitroglycerin  dynamite  or  powder,  50% 

strength. 

Stump    blasting — in   medium 
and   heavy   soils,  wet  or 

dry 20  Si   nitroglycerin   or   ammonia    dynamite    or 

powder. 

Stump  blasting — in  dry  sand 

and  other  light  soil 50%   nitroglycerin   or   ammonia   dynamite   or 

powder. 

If  you  are  in  doubt  as  to  the  best  explosives  for  your  particular  work  it  is 
well  to  write  to  the  manufacturer  you  prefer,  asking  which  of  their  grades  and 
brands  would  be  most  suitable. 

Detonation 

It  is  well  known  that  black  powder  is  fired  by  a  spark,  and  that  dynamites 
and  high  explosive  powders  cannot  be  fired  by  a  spark  but  require  a  shock  and 

heat.    It  is  not  so  well  known  that  there  are  great  dif- 
ferences in  the  nature  and  effect  of  the  explosion  of  any 
Firing,  Exploding    powder  or  dynamite,  due  to  variations  in  the  way  it  is 
or  Detonating  fired. 

An  explosion  of  powder  or  dynamite  is  the  result  of 

a  very  sudden  creation  of  a  great  volume  of  gas  from  a 

smaller  volume  of  powder.     The  kind  and  amount  of  gases  produced  by  any 
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high  explosives  depend  on  the  kind  and  amount  of  shock  used  to  fire  the  charge, 
and  on  its  confinement. 

The  effect  of  lighting  a  piece  of  unconfined  dynamite  with  a  piece  of  fuse 
without  a  cap  on,  is  that  the  dynamite  will  bum  fast  without  exploding  and  make 
a  dense  smoke  which  has  a  bad  smell  and  produces  severe  headaches.  This  is 
simple  combustion.  If  the  piece  of  dynamite  is  confined  closely  and  lighted  in 
the  same  way  it  will  explode,  but  will  give  off  similar  bad  fumes.  If  a  weak  cap 
is  used  on  the  fuse,  or  the  dynamite  is  set  off  by  a  fall,  the  dynamite  will  be 
partially  detonated,  and  explode  with  considerable  force,  but  it  still  will  give 
off  the  bad  fumes  and  smoke.  The  same  piece  of  dynamite  fired  with  a  No.  6 
or  8  cap  will  be  completely  detonated,  and  will  explode  with  great  violence  and 
force,  even  when  unconfined,  except  by  air,  and  will  give  off  very  little  smoke. 

The  last-named  explosion  is  detonation.  It  is  produced  by  a  violent  shock 
in  connection  with  intense  heat.  Nitroglycerin  is  5  times  as  strong  as  black 
blasting  powder  when  exploded  by  fire,  and  tO  times  as  strong  when  detonated. 
This  explains  the  enormous  force  given  by  detonation  as  compared  to  simple 
explosion. 

But  detonation  itself  is  no  set  thing  that  always  takes  place  the  same. 
There  is  good,  or  complete,  or  full  detonation,  and  there  is  partial  detonation. 
In  case  of  incomplete  detonation,  or  any  detonation  at  a  less  speed  than  the 
greatest  for  any  particular  explosive,  the  gases  formed  are  not  what  they  should 
be.  For  one  thing,  they  are  more  noxious  or  poisonous.  The  more  powerful 
and  severe  the  blow  delivered  by  the  cap,  the  more  quickly  does  the  chemical 
action  take  place  in  the  explosive.  It  is  only  when  high  explosives  detonate 
with  their  greatest  speed  that  their  maximum  power  is  generated. 

Air  spaces  about  the  cap  in  the  stick  of  explosive  cushion  its  blow  and  weaken 
detonation.  It  is  the  nature  of  the  initial  detonation  of  the  powder  right  around 
the  cap  which  governs  the  nature  of  the  explosion  of  the  whole  charge.  A  blaster 
should  understand  the  importance  of  setting  up  complete  detonation  in  order  to 
get  the  greatest  amount  of  force  out  of  explosives.  Sometimes  explosives  lose 
as  much  as  20%  of  their  effectiveness  when  fired  with  weak  caps.  Lack  of 
confinement  has  a  similar  effect.  Sixty  per  cent,  dynamite  poorly  detonated 
is  less  effective  than  40%  well  detonated. 

When  explosives  become  chilled  it  is  difficult  to  detonate  them  properly 
with  the  usual  cap,  hence  the  advisability  of  using  a  very  strong  cap  in  cold 
weather — a  No.  8.  Many  of  the  holes  are  frequently  loaded  for  some  time 
before  firing,  and  even  if  the  powder  is  soft  and  normal  while  charging,  it  after- 
wards becomes  somewhat  chilled  in  the  cold  ground. 

Throughout  this  and  other  bulletins   in  this  series,  the 

terms  caps   and  electric  blasting  caps  are  used  in  speaking 

Cap  Means      of  the  exploders  used   to  fire  the  charges  of  dynamite  or 

Detonator         powder,  although    in    the    field   and  among  manufacturers 

the  same  articles  are  called  by  the  terms  "detonators,"  or 
"electric  exploders." 

Thawing  Explosives 

It  has  been  pointed  out  (on  page  51)  that  regular  explosives  chill  or  freeze 
at  temperatures  of  45  to  50  degrees.  With  the  increase  in  the  number  of  low 
freezing  explosives  that  seldom  need  thawing,  the  necessity  for  doing  the 
thawing  on  farms  is  not  as  frequent  as  it  used  to  be. 

Frozen  dynamites  and  powders  are  dangerous  materials,  and  whenever 
the  temperature  is  near  the  freezing  point  for  them,  the  sticks  should  be 
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intpected  before  uiing  to  see  if  tJiey  show  any  of  the  hardneH  that  indicates 

chilling.    If  «o,  handle  them  very  car^lly  till  they  are  thawed.    Dynamites  and 

high  explosive  powders  will  be  a  little  soft  to  the  pressure 

of  your  thumb  when  they  are  not  frozen. 

Frozen  Eiqtlosive  Frozen  explosives  are  dangerous  because  they  are 

very  much  more  easily  exploded  in  the  course  of  ordinary 

handling.     They  are  more  sensitive  to  friction  and  to 

blows  of  tools.      The  sticks  may  explode  when  dropped  to  the  ground  or 

floor,  when  sticks  are  broken  in  two,  when  wrappings  are  cut  with  a  knife,  when 

cap  holes  are  punched  with  a  stick,  or  when  they  are  shoved  into  a  hole  with  a 

tamping  stick.     At  the  same  time  they  are  so  much  less  sensitive  to  the  direct 

shock  of  a  detonating  cap  that  they  cannot  be  fired  properly  with  a  cap. 

Therdore  the  rule  must  belaid  down  thatfrozen  sticks  of  high  explosives  never 

must  be  cut  or  ruptured  or  used  until  they  are  thawed. 

When  nitroglycerin  freezes  it  crystallizes,  therefore  the  nitroglycerin  in 
dynamite  or  powder  tends  to  separate  from  its  absorbing  materials  into  small 
crystals.  When  the  dynamite  is  thawed  slowly  with  sticks  lying  on  their  sides, 
the  nitroglycerin  is  reabsorbed  as  fast  as  it  liquefies.  But  when  thawed  too 
fast,  the  nitroglycerin  is  liable  to  run  out  of  the  sticks  befwe  it  is  reabsorbed. 
Quick  thawing  wilt  damage  explosives  a  great  deal  more  than  they  would  be 
damaged  by  freezing  followed  by  long,  gradual  thawing. 

Thawing  is  a  dangerous  operation  when  not  done 
I  right.  It  probably  is  correct  to  state  that  more  acci- 
dents with  dynamite  have  occurred  in  the  course  of 
improper  thawing  than  for  all  other  reasons  put  to- 
gether. At  the  same  time  proper  thawing  is  entirely 
safe. 

Two  of  the  most  frequent  causes  of  accidents  i^ile 

thawing  explosives  are  in  putting  the  sticks  into  water  or 

steam,  and  putting  than  on  hot  stoves  or  stones. 

Water,   and   especially  hot  water,  forces    the    nitro- 

glycerin  out  of  the  sticks.     The  free  nitroglycerin  goes 

Os*  tm  of  tbtwu  on       to  the  bottom,  and  explodes  at  the  time  of  the  first 

the  m.rk.1.  increase  in  heat,  or  first  light  blow.    When  sticks  of 

explosives  are  laid  on  hot  material   the  nitroglycerin  also  runs  from  the  paper 

wrappings  and  drops  of   it  fall  to  the  stone  or 

Causes  of  metal.    This    almost  always   causes  an  explosion. 

Accidental  Explosions    At  about  350  F.  degrees  of  heat,  which  is  only  a  little 

more  than  that  of  boiling  water,  the  nitroglycerin 

will  explode  without  a  shock 

Examine  your  explosives  a  day  or  so  before  you  are  ready  to  use  them, 
and  if  they  show  that  they  arc  frozen,  proceed  to  thaw 
them  in  one  of  the  fallowing  ways:  Use  only  a  DRY 
Safe  Thawing  warmth.  Use  no  temperature  higher  than  is  comfortable 
to  the  hand,  or  the  limit  may  be  set  at  100  or  1 10  degrees. 
Use  no  heat  of  any  kind  that  cannot  be  controlled  with 
certainty.    If  you  do  this  you  will  be  safe. 

Every  large  maker  of  explosives  will  supply  thawing  apparatus  that  is 
safe.  Sometimes  this  is  a  double  kettle  arranged  so  that  the  sticks  of  explosives 
can  be  placed  in  the  inside  vessel,  while  the  outside  vessel  can  be  filled  with 
warm  water  and  a  blanket  can  be  spread  over  the  top.  Other  more  elaborate 
thawers  consist  oi  a  vessel  containing  watertight  tubes  just  big  enough  to  hold 
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■ticks  of  ezploaive,  running  through  a  apace  to  be  filled  with  wann  water.  The 
catalogs  describe  these  ready-made  thawers  in  detail. 

Home-made  thawers  can  be  arranged  with  two  buckets,  one  small  enough  to 
hang  inside  the  other.  Put  the  sticks  inside  the  small  one  and  warm  water  around 
the  outside,  in  the  big  bucket.  Another  good  way  is  to  put  a  five-gallon  can  of 
warm  water  inside  a  barrel,  or  box,  and  pile  the  sticks  of  explosives  in  the  barrel 
around  the  can.  The  top  of  the  barrel  should  be  covered  with  a  blanket.  Or 
put  the  water  in  the  barrel  and  the  explosives  in  a  can  or  bucket.  A  small 
closet  of  course  can  be  used  instead  of  a  barrel.  A  can  of  warm  water  can  be  set 
inside  a  magazine  to  keep  the  temperature  up. 

The  old-fashioned  manure  pile  method  of  thawing  is  reliable  and  safe,  though 
a  good  deal  of  trouble.  This  consists  in  burying  a  box  somewhat  larger  than  a 
box  of  explosives  in  fresh  horse  manure,  and  placing  inside  it  the  box  of  explo- 
sives to  be  thawed.  A  foot  or  more  of  manure  must  cover  the  box,  and  a  small 
pipe  or  tube  should  be  inserted  for  ventilation.  The  manure  must  be  fresh. 
Allow  at  least  1 0  hours  to  thaw  a  box  of  dynamite  or  powder  in  this  way.  Twenty 
hours  is  better. 

The  box  of  explosives  can  be  taken  into  any  warm  place  that  is  dry,  but  if 

this  is  a  building  you  must  take  your  own  risk  of  (ire  and  accident.   Watch  the 

box  and  the  sticks  to  see  if  the  freezing  and  thawing  causes  the  sticks  to  leak 

free  nitroglycerin.    If  any  of  this  leaks  out  of  the  stick  and 

gets  on  the  floor  it  must  be  washed  up  according  to  direc- 

Sticks  on  Sides      tions  in  paragraphs  on  storage.     (Pages  67  and  68.)    The 

sticks  of  explosives  had  better  be  piled  irregularly  rather 

than  in  tiers,  for  thawing.    They  will  rise  in  temperature 

quicker  in  this  way.    They  always  must  lie  on  their  sides  rather  than  stand 

on  end. 

Electric  and  Fuse  Firing 

The  very  best  way  to  light  fuse  is  to  split  the  end  for  an  inch  or  less, 
and  stick  the  burning  head  of  a 
freshly  scratched  match  right  against 
the  exposed  powder  at  the  head  of 
the  qilit.  This  will  light  the  fuse 
even  in  a  strong  wind. 

Where  there    are    very    many 
fuses  to  light  in  succession,  as  in 
subsoiling,  it   some- 
Fuse  and        times  is  of  advantage 
Cap  Filing      to  use  a  gasoline  or 
other  torch,  holding 
the  hot  flame  under  the  fuse  for  an  instant.    Whatever  the  method,  do  not 
leave  till  you  see  the  fuse  spitting  sparks  and  smoke  swiftly  and  regularly. 
Further  discussion  of  fuse  firing,  except  as  to  its  adaptations,  is  not  needed. 
Farmers  who  have  only  a  few  stones  or  stumps  to  blast, 
or  who  are  planting  a  few  trees  or  doing  a  little  subsoiling. 
Electric  Firing     will  not  need  any  other  method  of  firing  than  by  caps  and 
fuse.    Ditch  blasting  in  ground  not  watersoaked  demands 
electrical  firing,  while  the  blasting  of  large  stumps,  particu- 
larly if  green,  and  in  sandy  soil,  as  well  as  the  blasting  of  large  rocks,  is  made 
easier  and  cheajxr  by  electrical  firing.    For  large  amounts  of  almost  any  blasting 
except  that  of  tree  beds,  subsoiling  and  very  small  stumps  and  isolated  small 


boulders,  the  purchase  of  an  electric  blasting  machine  and  the  necessary  wires  is 
justified  by  the  advantages  of  the  electric  methods  of  firing 

The  primary  reason 
for    the    superiority    of 
electric  firing  over  fuse 
firing     is     that    several 
charges  may  be  explod- 
ed at  once;  the  diUerent 
charges  will   increase 
the    effi- 
ciency   of 
Advantages  eachother. 
Thus  in 
ditching, 
you   can  fire  many 
A(<»xii»ifori«<]i»c«>i..  charges   in   a   row   and 

make  a  perfect  ditch.  In  stump  blasting  several  small  charges  very  often 
will  take  a  stump  out  better  than  one  large  charge,  and  in  orchard,  and 
garden  subsoiling  the  simultaneous  blasts  frequently  are  of  advantage. 

Electric  firing  is  more  certain  when  the  charges  are  under  water.  The 
danger  from  misfires  due  to  moisture  as  well  as  from  some  other  cause  is  reduced. 
Should  misfire  occur,  you  are  safe  in  going  to  the  charges  as  soon  as  the  wire 
is  disconnected  from  the  blasting  machine.  With  a  fuse  you  must  wait  some 
hours  to  be  safe.  When  several  charges,  as  for  instance,,  several  boulder  blasts 
are  to  be  fired,  you  can  make  one  trip  to  safety  do  for  the  lot,  instead  of  having 
to  travel  back  and  forward  for  each  shot.  Finally,  the  intelligent  and  car^l 
use  of  electric  firing,  with  its  possibilities  of  two  or  more  small  charges  doing  the 
work  of  one  large  one,  and  its  other  economies,  will  save  considerable  ex- 
plosives. 

All  the  makers  of  explosives  supply  electric  blasting  machines.    The  ma- 
chines are  small  boxes  of  wood  or  metal,  containing  a  modified  magneto  with  a 
handle  on  top  that  you  either  push  down  or  pull  up, 
depending  on  the  make  of  machine,  to  operate  and 
Electric  Machine  to  fire  the  charges.    The  machines  are  made  in  vari- 

ous sizes  and  capacities  to  fire  3,  1 0,  30.  or  more 
charges  at  once.    The  10  charge  machine  weighs 
about  10  pounds.    Full  directions  for  operating  and  caring  for  the  machines 
always  accompany  them. 

For  electric  firing,  in  addition  to  the  machine,  you  will  need  electric  blasting 
caps,  coimecting  wire  and  leading  wire.     The  leading  wire  is  copper  wire  large 


enough  to  carry  the  amount  of  current  required  for  the  number  of  charges  to  be 
fired  simultaneously.    It  is  covered  with  insulating  material,  and  is  made  strong 

and  durable  to  stand  much  use.  To  make  the  circuit  from  the 
Wiring  blasting  machine  to  and  through  the  charges  and  back  again, 

you  must  have  two  strands  of  leading  wire.  It  comes  from  the 
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ezpkxive  makers  in  single-it  and 
(onn,  which  must  be  doubled,  and 
in  what  they  call  duplex  form,  which  ' 
has  two  strands  cj  insulated  wire 
twisted  together  or  wrapped  to- 
gether under  one  cover. 

The  two  small  copper  wires  that 
are  iized  in  the  electric  blasting  caps 
(tee  page  64)  should  be  long  enough 
to  reach  out  of  the  holes.      They 

may  be  bought  in 
Electric  a  variety  of  leng- 

Blastiiig  Caps     ths,  but  4  or  6  feet 

are    regarded     as 

standard.  If  the  charges  are  close  enough  together  so  the  wires  can  be  con- 
nected, no  connecting  wire  will  be  needed;  but  whenever  the  distance  between 
is  more,  the  charges  must  be  connected,  and  connecting  wire  is  the  right  thing 
to  do  it  with.  There  is  no  particular  limit  for  the  distance  between  charges 
that  may  be  connected  for  firing  together,  up  to  25  feet  or  more. 


cap  wiiM  and  krft  iMding  win. 


The  diagrams  in  these  pages  wiH  show  how  to  make  electric  wire  connections. 
Cut  away  the  insulating  on  the  wire  ends  and  wrap  he  ends  together  tight. 
Wrap  them  for  two  inches.  Looping  the  wires  will  not  do.  Be  careful  to 
scrape  with  a  knife  or  stone  the  wire  ends  to  make  them  bright  before  wrap- 
ping them  together.  Corroded  or  dirty  connections  are  a  cause  of  misfires. 
If  the  leading  wire  gets  broken  and  must  be 
Wire  Cininections  spliced,  solder  the  ctHmection  after  wrapping  the 

ends  together,  then  wrap  the  joint  with  tape  to 
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iiMuUtc  it.  Ordinary  ttre-t&pc  is  good,  but  a  better  way  ii  to  wrap  the  joints 
with  special  rubber  tape  under- 
neatb  and  to  cover  this  with  the 
tire-tape. 

When  only  one  charge  ia  to 
be  fired,  connect  the  ends  of  the 
2  strands  of  the  leading  wire  to 
the  2  electric  blasting  cap  wires 
and  connect  the  other  leading 
wire  end  to  the  blasting  machine 

_      ,  posts.    The  connection  with  the 

T.P.  (or  wr-ppi.,  jotou  .»l  br«k«.  h-td-tio,.  electrical  blasting  machine  should 
be  made  the  last  thing  bdore  firing,  after  you  are  sure  that  the  charges  are  all 
ready  and  after  every  person  and  animal  is  out  of  the  way  of  the  flying  pieces. 
When  the  blast  is  all  connected  together  ready  to  fire,  except  attaching  the 
leading  wire  to  the  machine,  give  the  handle  of  the  machine  one  or  two  light 
strokes,  to  make  sure  that  it  is  working  smoothly  and  to  charge  the  magnets. 
Then  attach  the  leading  wires  to  the  binding  posts  on  the  machine,  making 
sure  that  both  the  binding  posts  and  the  wires  are  bright  and  clean  where  they 
come  together.  Raise  the  handle  of  the  machine  to  its  full  height  and  push  it 
down  with  speed.  When  the  handle  starts  on  its  downward  stroke,  the  pinion 
immediately  clutches  the  armature  and  starts  the  generation  of  current.  The 
current,  growing  stronger  as  the  stroke  proceeds,  causes  considerable  resistance 
toward  the  end  of  the  stroke.  The  current  generated  is  directly  in  proportion 
to  the  speed  with  which  the  handle  is  pushed  down,  especially  just  before  reach- 
ing the  bottom.  Any  let  up  toward  the  bottom  will  cause  a  drop  in  the  current 
and  may  result  in  misfires.  Ther^ore,  make  it  an  invariable  rule,  whether  the 
shot  be  large  or  small,  to  bang  the  handle  down  hard  and  carry  the  stroke  with 
all  possible  speed  to  the  bottom.  Try  to  knock  the  bottom  out  of  the  box. 
Machines  which  operate  by  the  twisting  of  a  handle  must  be  handled  equally 
quick. 


VaiT  beat  «it«  connection,  iiady  for  •alderinc  U  aead  be.    {Bicelleat  (or  leading  *ln.1 

When  more  than  one  charge  is  to  be  fired  the  different  charges  must  be 
connected  together.  The  diagrams  will  help  you  to  understand  how  this  should 
be  done.  For  nearly  all  agricultural  blasting  the  connection  in  one  scries  is  the 
best — that  is,  connecting  each  charge  to  the  next  one  and  so  on  until  they  are 
all  joined,  with  one  loose  electric  blasting  cap  wire  from  the  two  end  charges 
of  the  series.    (See  diagram  A  and  D,  page  62.) 

Once  in  a  while,  where  the  series  is  long  and  the  ctiarges  are  in  a  line,  you 
can  arrange  to  have  the  2  loose  wires  at  the  same  end  of  the  series  by  making 
the  connection,  not  to  each  next  charge  in  the  row,  but  to  the  one  beyond  and  at 
the  farther  «id  doubling  back  and  connecting  the  missed  charge.  Do  not  use 
this  method  where  it  involves  many  splices  with  connecting  wire. 

Connections  in  parallel  sometimes  are  desirable  in  the  case  of  ditches,  or 
other  extensive  blasting.  To  make  them  run  a  piece  of  wire  away  from  one  lead- 
ing wire  strand  along  the  lines  of  charges  and  connect  one  wire  to  each  charge. 
Then  run  another  similar  piece  of  cormecting  wire  connected  to  the  other  strand 
of  leading  wire,  and  attach  to  it  the  other  cap  wire  of  each  charge. 

But  to  fire  charges  by  means  of  parallel  connections  takes  so  much  electric 
current  that  a  blasting  machine  caruiot  be  used.    Generally  q>eaking,  parallel 


>4 Straig/fi    sertes  conn9ctfon  for- 
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D  ...£xampi^s  of  zig-zag 
series  connections 


Method  of  wntpping  wires  togefher  to  make  electrical  joint,  and  of  taping  joint. 

connections  require  current  from  an  electric  light  or  power  plant.  If  your 
work  is  such  that  the  charges  cannot  be  connected  in  series  or  that  parallel 
connections  are  desirable,  it  is  well  to  communicate  with  an  expert  or  authority 
on  electricity  for  special  sugges- 
tions and  advice  as  to  how  best 
to  fire  your  charges. 

In  a  bulletin  of  this  size  it  is 
impossible  to  give  a  comprehen- 
sive statement  of 
Current  electric  firing.  But 

Required        to  give  some  idea, 

it  can  be  stated 
that  an  electric  blasting  cap  re- 
quires 1  to  I  ^  amperes  to  insure 
firing.  This  amount  of  current  will 
fire  one  cap  or  many  in  a  series. 
To  force  this  amount  of  current 
through  the  wires  requires  a 
certain  voltage,  the  amount  de- 
pending on  the  size  and  length  of 
all  the  wires,  and  on  the  joints. 
One  bad  or  ix>orly  wrapped  joint 
will  increase  the  resistance  of  the 
circuit  more  than  several  caps. 
The  voltage  of  the  current  re- 
quired to  fire  any  circuit  usually 
can  be  computed  by  an  expert 
when  the  details  of  the  wiring 
system  are  explained  to  him. 

When  charges  are  connected 
in  parallel,  instead  of  series,  or  in 
multiple  series  (see  diagram  C), 
each  circuit  requires  1  to  1^ 
amperes  of  current.  That  is,  each 
cap  requires  I  to  1}^  amperes 
when  connected  in  parallel.  The 
*  voltage  required,  of  course,  de- 
pends on  the  resistance  of  the 
wires.  A  very  much  greater  cur- 
rent than  of  t  to  1 3^  amperes  will 
do  no  harm;  in  fact  it  is  desirable. 

Electric  blasting  machines 
are  constructed  to  give  a  suffi- 
cient amperage  and  voltage  for 
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Ways  of  connecting  up  charges  for  electric  firing. 
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firing  properly  the  number  of  c«p«  specified  m  the  capacity  erf  the  madnne 
when  connected  in  a  (cries.  If  too  many  caps,  or  nwre  than  usual  wiom; 
is  connected  to  any  machine,  misfires  will  result.  Other  current  can  be 
used  in  place  of  that  supplied  by  a  machine,  provided  it 
has  enough  and  not  too  much  amperage  and  voltage. 
Too  great  a  current  will  bum  out  wires  without  firing  all 
the  charges.  Too  little  current  sometimes  will  do  the 
same,  or  it  may  do  nothing.  In  emergencies  dry  cells  or 
wet  batteries  can  be  used  by  skillful  operators  to  fire  a 
few  charges,  when  great  care  is  taken  to  have  the  wiring 
arranged  for  the  purpose.  Before  attempting  to  fire 
charges  with  batteries  of  any  kind,  learn  the  amperage 
and  voltage  of  their  output  and  see  that  your  shots  come 
within  their  limits.  The  use  of  batteries  is  more,  ex- 
pensive than  the  use  of  electric  blasting  machines. 

Bare  connections  at  the  charges  or  back  along  the 

TwoptM.iNttkbu.ticB  leading  wire  should  be  raised  off  the  ground  by  stones. 

'=»<*Jofr-i™.h  dowD      sticks  or  piles  of  dirt  placed  under  insulated  parts  of  the 

wires  at  each  side  of  the  splice.  E)uring  a  thunder  storm,  do 

not  stand  ne^r  any  of  the  charges  that  have  been  connected    Avoid  dragging  the 

leading  wire  over  bareor  rough  ground  as  much  aspossible.and  particularly  avoid 

kinking  it.    Be  careful  not  to  break  or  tear  or  scratch  the  insulating  of  any  wires. 

Do  not  attempt  to  fire  throu^  a  long  length  of  leading  wire  wound  in  a  coil 

or  on  a  reel.    The  induction,  leakage  or  short  circuit  of  current  in  the  coil 

of  wire  causes  the  blasting  machine  to  deliver  a  slow  discharge,  which  is  fatal  to 

proper  firing.     Leading  wire  that  is  watersoaked  or  that  is  covered  with  mud 

will  lose  a  considerable  part  of  its  current. 

Misfires 

Nearly  half  of  the  accidents  noted  each  year  in  blasting  operations  are  the 
result  of  attempting  to  examine  misfires  too  soon.  If  misfires  occur  with  fuse 
firing,  stay  away  from  the  shot  at  least  2  hours.  It  is  better  to  wait  until  the 
next  day,  for  the  spark  may  linger  24  hours  and  still  cause  an  explosion.  (See 
page  59.)  Rock  and  stump  misfires  are  to  be  avoided  especially.  When  you  arc 
firing  the  charges  electrically,  you  may  approach  the  shot  with  entire  safety  as 
soon  as  the  lead  wire  is  disconnected  from  the  blasting  machine. 

Misfires  are  due  to  the  following  named  causes.  The  remedies  for  them  are 
care  in  preparing  the  charges  and  in  loading,  the  details  of  which  are  given  in 
the  proper  chapters. 

With  cap  and  fuse  firing,  misfires  are  caused  by  having  the  end  of  fuse 
pulled  back  a  little  from  the  bottom  of  the  cap.  by  crimping  the  fuse  too  tightly 
with  a  groove  crimp  and  shutting  off  the  spark,  by  damp  or  wet  fuse,  especially 
at  the  end  of  the  cap,  by  defective  cap,  by  the  cap  getting  pulled  out  of  the 
explosive,  by  kinked,  damaged,  broken  or  pinched  fuse,  by  failure  to  light  fuse. 
A  great  many  misfires  were  never  fired  at  ail.  With  electric  firing  the  reasons 
for  misfires  may  be  damaged  wires  in  the  hole,  causing  short  circuits,  defective 
caps,  overloaded  blasting  machine,  cap  pulled  out  of  explosive,  bad  wire  con- 
nection at  some  point,  or  broken  wire. 

If  you  find  after  due  time  that  for  some  reason  the  charge  cannot  be  fired 
by  lighting  the  old  fuse  or  by  sending  current  through  the  wires,  you  must  deal 
with  a  real  misfire. 

The  best  thing  to  do  is  to  put  in  another,  lighter  charge  in  a  new  hole  made 
6  to  12  inches  of  the  original  one.  The  explosion  of  the  new  charge  will  explode 
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the  old  one.  Never  touch  the  tamping  in  the  old  hole  unlcu  you  know  juat  how 
<leep  it  is,  or  how  many  inches  of  it  there  are  above  the  charge.  Once  in  a 
while  the  tamping  may  be  dug  out  of  a  blockhole  misfire.  It  seldom  pays  to  do 
this  in  stump  blasting,  and  never  in  ditching,  or  soil  blasting.  At  best  it  is  a 
dangerous  operation.  Mudcap  charges  can  be  opened  and  new  primers  inserted 
without  deuiger  or  difficulty.  This  should  be  done  by  removing  part  of  the 
mud  at  another  point,  and  inserting  a  new  cap  and  fuse,  or  electric  blasting 
cap,  as  the  case  may  be. 

Cap  (Detonators) 

Blasting  caps  are  little  co[^r  tubes  closed  at  one  end,  1^^  to  2  inches  long 
and  something  less  than  a  quarter  of  an  inch  in  diameter.     At  the  bottom  is 
placed  several  grains  of  a  high  explosive  that  is  very  powerful  and  exceedingly 
sensitive  to  heat,  shock  and  friction.    This  high  explosive  usually  is  fulminate 
of   mercury,  but  often    is    other 
material.   They  are  packed  in  small 
tin  boxes,  open  end  up.  usually  100 
to  the  box. 

The  purpose  of  the  blasting 
cap  is  to  supply  the  shock  and  heat 
necessary  to  detonate  the  charge 
(rf  dynamite  or  powder  to  be  lired. 
If  it  were  not  for  safety  in  handling 
blasting  explosives,  they  all  could 
be  made  as  sensitive  as  the  material 
in  the  caps.  But  such  explosives 
would  be  impossible  to  handle 
without  accident.  In  fact,  it  would 
be  impossible  to  handle  the  little 
bit  of  explosive  in  the  caps  if  it 
was  not  protected  by.  the  copper 
shells.  Even  at  that  caps  must  be 
kept  free  from  jars  and  from  heat 
and  sparks  to  avoid  premature 
explosion. 

The  strength  of  caps  is  care- 
fully regulated  by  the  makers  to 

fire  the  dynamites  and  powders  on  d  ud  e  are  ocdburj  bludof  api;  f  and  G  are 

the  market.  The  explosive  material  «'*«'^'=  ""1^  "i*  rfwn  callod  tuies. 

with  which  the  caps  are  loaded  is  such  as  will  deliver  a  shock  and  a  degree  of 
heat  of  the  strength  and  violence  required.  The  caps  are  numbered  according 
to  strength.  All  dynamites  and  powders  used  for  agricultural  blasting  require 
at  least  a  No.  6  cap.  If  they  are  chilled  a  little,  but  not  frozen,  they  require 
No.  8.  It  is  the  part  of  wisdom  to  use  No.  8  caps  all  the  time  if  you  can  get 
them.  They  give  you  a  margin  of  strength  should  moisture  or  other  causes 
weaken  them  in  storage. 

Blasting  caps  must  be  used  with  fuse.  And  before  they  are  Inserted  in  the 
stick  of  explosive  they  must  be  fixed  to  the  fuse  properly.  (See  pages  43  to  46.) 
It  is  the  spark  which  travels  down  the  fuse  that  fires  the  cap. 

Electric  blasting  caps  are  made  on  the  same  principle  as  ordinary  blasting 
caps.  They  have  the  copper  tube,  the  explosive  at  the  bottom,  etc.,  but  they 
dii^  in  the  way  this  explosive  is  fired.  Instead  of  by  a  powder  qtark  they  are 
fired  by  a  red'hot  wire  that  is  heated  by  an  electric  current. 


Electric  bliitinc  cap  or  Inn. 

Evety  electric  bluting  cap  has  fitted  in  it  2  small  copper  wires,  which 
must  be  considered  part  of  the  cap.  Down  near  the  bottom  of  the  cap  is  a  deli- 
cate bridge  of  finer  wire.  The  entire  arrangement  is  held  in  adjustment  and 
sealed  by  a  casting  of  sulphur-like  substance. 


Tha  Inlerlix  coutnicUao  ol  tn  (iMtilc  blaitinc  cap  ar  luxe. 

For  fuse  blasting  you  must  use  regular  blasting  caps.and  for  electric  blasting 
you  must  use  electric  blasting  caps.  It  is  impossible  to  substitute  one  for  the 
other.  Never  pull  at  the  wires  in  an  electric  cap.  It  is  dangerous  and  may  loosen 
or  throw  out  of  adjustment  the  arrangement  d  wires  inside.  And  never  try  to 
dig  out  the  wires  of  an  electric  cap  or  to  dig  or  to  punch  the  explosive  in  the 
bottom  of  a  blasting  cap. 

Fuse  (Safety  Fuse) 

Fuse  is  used  for  firing  black  blasting  powder  and  for  firing  dynamite  and 
high  explosive  powders  through  the  medium  of  a  cap.  It  is  made  by  encloung 
within  a  covering  a  train  of  special 
black  powder  and  an  inflammable 
cotton  string.  The  spark  runs 
down  this  powder  train. 

The  powder  used  in  fuse  is 
specially  made  for  the  purpose,  is 
pulverized  and  is  highly  compressed 
by  the  covering  of  the  fuse.  The 
covering  itself  is  made  of  varying 
materials,  depending  on  the  condi- 
tions under  which  the  fuse  is  to  be 
used.  For  dry  work  it  is  only 
enough  to  hold  the  powder  in  place 
and  to  keep  the  powder  train  from 
getting  broken.  For  damp  and  wet 
work  it  is  made  waterproof  by  in- 
Poia  M  It  comM  In  roll..  creasing  the  number  of  layers  in 

the  covering  and  by  adding  varnish,  coal  tar,  as  other  waterproofing  material. 
There  are  many  brands  of  fuse  on  the  market.    In  buying  fuse  you  must 
bear  in  mind  the  character  of  your  work.    For  work  that  is  en- 
Grades  tirely  dry  you  can  use  ordinary  cotton  or  hemp  fuse  with  satis- 

faction, if  it  is  large  enough  to  fit  a  blasting  cap  snugly. 
For  work  in  damp  ground,  use  a  fuse  in  which  the  cotton  or  hemp  is  covwed 
with  one  layer  of  waterproof  tape  or  other  material.  This  is  called  single-tape 
grade  or  may  be  known  by  brand  name  only.  For  work  where  the  ground  is 
wet,  such  as  in  stump  and  stone  blasting  in  damp  or  wet  weather,  use  a  double- 
covered  fuse— fuse  that  has  two  layers  of  tape  or  other  material  over  the  cotton 


covering  and  waterproofang  material  added.  For  work  where  water  covers  the 
charges  it  is  best  to  use  fuse  with  three  layers  of  tape  or  other  material  and 
full  waterproofing.  This  is  called  triple-tape  fuse  or  may  have  special  brand 
names.  When  buying  fuse  for  general  farm  work,  it  is  well  to  get  a  water- 
proof grade,  since  it  can  be  used  for  both  wet  and  dry  work. 

Most  reliable  fuse  bums  about  2  feet  per  minute  when  in  perfect  condition, 
y^  If  it  becomes  damp,  it  bums  much  slower.  Cases  have  been  known 

where  the  spark  smouldered  in  damp  fuse  for  hours  without 
Rate  of  traveling  more  than  a  few  inches.  Another  source  of  uncertainty 
Burning        is  where  fuse  has  been  pinched.    It  may  take  the  spark  a  minute 

or  an  hour  or  a  day  to  get  past  the  pinched  point. 

When  fuse  is  cold,  it  is  hard  and  brittle,  and  may  crack  open 
when  unrolled.  If  it  gets  too  warm,  its  waterproofing  material  may  penetrate 
to  the  powder  train  inside  and  min  it;  or  the  covering  may  first  soften  and  then 
harden,  in  this  condition  breaking  as  though  cold  when  unrolled.  If  grease  is 
allowed  on  the  cover  it  may  combine  with  the  waterproofing  and  min  the 
powder  inside. 

Handling  Explosives 

Dynamites  and  powders  in  boxes  can  be  hauled  freely  in  spring  wagons. 
You  should  see  that  no  bolt  heads  or  other  metal  parts  project  from  die  wagon 
boxes  to  strike  the  boxes  of  explosives.  Sweep  all  dirt  out  of  the  wagon.  Have 
the  beds  clean  or  covered  with  straw  or  blankets. 

Go  over  your  wagon  and  harness  before  you  load  dynamite  to  make  sure 
they  will  not  break  down  while  you  have  the  explosive  aboard.  Be  sure  you 
have  the  hitching  straps  or  tie-ropes  along,  and  do  not  leave  the  horses  standing 
without  tieing  them  securely.  Break  no  colts  while  hauling  explosives.  If 
you  use  a  motor,  stop  it  and  set  the  brake  tight  before  you  leave  the  load. 
In  driving  through  a  town  stay  away  from  dangerous  crossings. 

Keep  the  sticks  of  explosive  in  their  original  boxes  until  you  are  ready  to 
use  them.  Don't  have  them  around  loose.  In  carrying  them  to  the  field,  use 
a  wood  basket  or  a  box  and  not  a  metal  bucket.  Always  protect  explosives  from 
all  possibility  of  being  reached  by  falling  sparks  or  from  match  heads  or  other 
source  of  fire.  Rain,  hot  sun  and  the  like  must  be  kept  away  from  explosives. 
Use  care  to  lay  sticks  or  set  the  boxes  or  baskets  containing  explosives  where  they 
will  not  fall  down,  be  blown  over  by  wind  or  knocked  over  by  careless  people 
or  by  animals.  Cattle  will  eat  sticks  of  dynamite,  or  powder,  because  of  their 
sweet  and  salty  taste.   The  explosive  will  make  them  sick,  sometimes  kill  them. 

Since  nitroglycerin  often  will  cause  headache  when  absorbed  through  the 
skin  it  is  best  to  wear  gloves  when  handling  the  sticks.  For  this  same  reason 
some  people  punch  holes  (or  caps  in  the  sticks  with  a  piece  of  wood  rather  than 
widi  the  handle  of  the  cap  crimper. 

Caps  should  not  be  carried  in  the  same  basket  or  box  as  explosive,  but  should 
be  carried  separately.  Take  only  enough  along  to  do  the  work  in  view  and 
carry  them  in  the  tin  boxes  they  come  in.  Many  serious  accidents  have  been 
^  caused  by  blasters  having  loose  caps  in  their  pockets  during  work  or  afterwards. 

Sooner  or  later  a  chance  jar  is  Ukely  to  set  them  off.  When  several  caps  have 
been  taken  out  of  the  little  tin  box  in  which  they  come  the  rest  will  be  loose  and 
will  rattle  about.  This  should  be  stopped  by  filling  up  the  empty  space  with 
paper. 

The  handling  of  caps  is  not  dangerous  provided  you  do  it  intelligently  and 
with  care.     Keep  them  jqfe  from  any  Jars  or  heat.     You  can  sometimes  do 
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many  foolish  things  with  dynamite  and  powder  without 
serious  results  to  yourself,  but  not  with  caps.    Letting  a  cap 

Handling  fall  to  the  ground  or  floor  likely  will  cause  it  to  explode.    For 

this  reason  you  should  keep  the  caps  and  explosives  apart, 
in  hauling,  storing,  and  handling,  bringing  them  together 

only  at  the  last  minute  before  you  prepare  the  charge  to  be  loaded  in  the  hole. 

One  cap  can  produce  an  explosion  powerful  enough  to  tear  your  hands  off. 

EUectric  blasting  caps  must  be  handled  with  the  same  care  as  regular 
blasting  caps.  All  caps  must  be  protected  from  dampness  during  handling.  No 
trouble  will  be  experienced  if  you  use  common  sense  at  every  turn,  but  thought- 
lessness and  carelessness  in  the  handling  of  explosives  will  cause  disaster.  Bear 
in  mind  that  when  an  accident  happens  with  an  explosive  there  is  no  time  to 
save  yourself,  and  no  afterthought  will  prevent  serious  injury  to  you.  Fore- 
thouf^t  is  the  thing  with  explosives.  In  an  explosive  you  are  handling  an  enor- 
mous strength.  The  fact  that  it  occupies  small  bulk  now  should  not  interfere 
with  your  imagining  it  as  an  enormous  engine  with  power  enough  to  crush  you 
easily,  but  under  entire  control  if  you  do  your  part  right. 

Storing  Explosives  and  Supplies 

The  storing  of  dynamites  and  powders  on  farms  offers  no  serious  problems, 
though  it  may  call  for  some  shifting  of  arrangements  to  meet  proper  require- 
ments. The  explosive  must  be  kept  dry.  They  should  be  kept  cool.  This  means 
that  any  ordinary  temperature  of  the  air  is  all  right,  except  that  in  hot  weather 
the  room  where  the  explosive  is  kept  should  not  get  warmer  than  80  or  90 
degrees.  If  it  is  properly  ventilated  day  and  night  it  will  not.  Probably  the 
best  common  storage  place  for  explosive  is  in  an  outbuilding  under  the  floor  of 
which  the  air  circulates  freely  and  with  a  ceiling  between  the  room  and  the  roof. 
It  should  be  strong,  and  should  be  provided  with  a  lock.  A  responsible  person 
should  have  charge  of  the  key  at  all  times. 

The  explosive  should  not  be  kept  in  a  garret,  because  the  hot  sun  beating 
down  on  a  roof  will  raise  the  temperature  under  the  roof  away  past  the  100 
degree  mark. 

Dampness  is  injurious  to  explosives,  as  noted  on  page  44,  and  dynamites 
and  powders  must  be  kept  where  moist  air  will  not  surround  them.  The  ideal 
storage  would  be  fireproof,  but  since  this  is  out  of  the  question  on  the  average 
farm,  the  best  that  can  be  done  in  that  respect  is  to  guard  against  (ire.  It  is 
well  to  make  sure  that  the  explosive  is  out  of  reach  of  any  stray  or  malicious 
bullet  that  might  be  fired  into  it. 

Look  to  your  insurance  policies  and  see  whether  they  provide  against  the 
storage  of  explosives  in  any  of  your  buildings.  Store  the  explosive  in  a  building 
not  covered  by  the  insurance. 

Where  large  quantities  of  explosives  are  to  be  stored  as  a  regular  thing, 
or  for  any  length  of  time,  it  is  advisable  to  consult  the  makers 
of  explosives  or  others  experienced  in  their  handling  in  regard  ^ 

Magazines       to  the  location  and  construction  of  a  magazine.    A  magazine 

can  be  set  up  cheaply  and  can  be  made  fireproof,  bullet  proof, 
thief  proof,  well  ventilated,  dry  and  safe  in  every  way.     It 

should  be  built  of  brick.    Any  explosive  maker  will  furnish  plans  without 

charge.     In  any  case  explosives  should  be  stored  at  least  50  yards  away  from 

any  other  buildings  and  from  roads  or  railroads. 
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Blasting  caps  of  any  kind  must  not  be  stored  with  dynamite  or  powder. 

Fuse  is  not  explosive  and  can  be  stored  with  dynamite  or  powder. 

p  Blasting  caps  are  even  more  subject  to  damage  by  moisture  than 

^  explosive  and  must  be  stored  accordingly.   Caps  must  not  be  allowed 

to  become  heated. 

A  statement  of  the  ways  in  which  explosive  deteriorates  will  help  in 

f'  selecting  a  proper  storage  place  for  it.     In  temperatures  higher  than  80  degrees 

troubles  may  begin.    Long  continued  temperatures  of 

90  to  100  degrees  may  cause  the  nitroglycerin  to  leak 

Deterioration  out  of  the  absorbing  material  and  to  gather  inside  the 

wrapping  on  the  lower  side  of  the  sticks,  or  may  even 
cause  it  to  leak  out  of  the  wrappings  through  the 
boxes   and  to   the  floor. 

Strict  watch  should  be  kept  of  the  sticks  and  the  boxes  to  catch  any  such 
condition.  If  leakage  occurs,  turn  the  explosive  over  and  reduce  the  temper- 
ature. Bum  the  empty  boxes  one  or  two  at  a  time  out  away  from  buildings, 
and  scrub  the  floor  where  the  leakage  occurred  with  a  strong  solution  of  sal 
soda.  This  will  decompose  the  nitroglycerin.  If  it  becomes  necessary  to  de- 
stroy a  little  explosive  without  detonating  it,  the  job  can  be  done  by  immersing 
it  until  dissolved  in  such  a  solution,  stirring  it  gently  with  a  wood  paddle. 
If  the  sticks  feel  smeary  it  is  possible  they  are  leaking.  The  test  is  to  lay 
them  on  white  paper  for  a  little  while.  If  they  are  leaking  they  will  stain  the 
paper,  otherwise  not. 

At  a  temperature  of  105  degrees  nitroglycerin  explosives  will  lose  10%  of 
their  sb'ength  in  a  few  days  by  evaporation.  Repeated  freezing  and  thawing 
is  bad  for  explosives,  especially  if  the  thawing  is  rapid.  Slow  thawing  will  not 
damage  them  much.  After  explosive  once  is  frozen  and  thawed,  it  will  freeze 
much  easier  again. 

When  stored  for  many  months  explosives  are  liable  to  decomposition  of 
some  of  their  elements,  especially  if  they  get  damp  or  too  warm.  One  of  the 
marks  of  this  is  greenish  stains  inside  the  stick  wrappings.  No  length  of  time  can 
be  stated  for  the  keeping  of  explosives,  because  it  practically  all  depends  on 
conditions.  Under  favorable  conditions  most  dynamites  and  powders  will  re- 
main in  good  shape  for  years.  Again,  a  month  of  improper  storage  will  ruin 
them  and  make  them  dangerous  to  handle.  They  develop  troubles  sooner  in 
the  light  than  in  the  dark. 

Deteriorated  explosives  are  likely  to  be  dangerous — ^f ar  more  so  than  normal 
explosive.  Keep  watch  over  what  you  have  in  stock.  Maintain  proper  conditions 
as  far  as  possible,  but  if  they  show  troubles  do  not  hesitate  to  condemn  them. 

Shipping  Explosives 

The  shipping  of  high  explosives  is  controlled  by  the  Interstate  G>mmerce 
G>mmission,  and  the  rules  and  regulations  are  very  strict  and  rigid.  Most  of 
them  are  embodied  in  an  Act  of  G>ngress  of  March  4,  1909,  and  violations  are 
punishable  with  fines  of  not  more  than  $2,000,  or  imprisonment  for  not  more 
than  eighteen  months,  or  both.  The  person  making  the  shipment  is 
responsible. 

A  copy  of  the  rules  and  regulations  can  be  secured  from  the  Bureau  of 
Explosives,  Underwood  Building,  New  York  City,  or  can  be  read  at  any  freight 
station  where  there  is  an  agent. 

The  rules  provide  that  no  explosives  (other  than  certain  exceptions  named) 
shall  be  carried  on  any  train,  boat,  trolley,  or  other  vehicle  carrying  passengers 
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for  hire,  and  that  no  explosives  under  deceptive  or  false  markings  or  under- 
standing shall  be  delivered  to  a  common  carrier;  and  further,  that  all  other 
regulations  shall  be  complied  Uith. 

In  shipping  by  railroad  no  caps  or  detonators  of  any  kind  can  be  sent  in 
the  same  car  with  explosives.  In  practice  the  railroads  usually  send  them  by 
another  train,  which  works  out  to  be  another  day  in  the  cases  of  nearly  all 
shipments.  This  is  responsible  Tor  some  delay  in  delivery  of  explosive  ship- 
ments. Do  not  expect  to  have  explosives  come  through  as  quickly  as  you  would 
other  freight. 

Elxplosives  cannot  be  shipped  by  express  or  by  mail,  but  are  sent  by 
freight,  the  same  as  groceries  or  dry  goods.  The  railroad  company  is  required 
to  place  the  packages  in  a  certain  way  inside  the  car  and  to  brace  them  with 
lumber.  In  case  of  car-lot  shipments  the  shipper  must  furnish  this  lumber  and 
do  the  bracing. 

The  regulations  provide  that  railroads  must  have  24  hours'  notice  cS  ship- 
ment of  explosives,  and  thai  shipmenb  must  be  removed  from  the  receiving  station 
within  24  hours  of  their  arrival  there.  The  packages  must  be  plainly  stenciled 
with  the  name  of  shipper  and  consignee,  and  bills  of  lading  must  conform  with 
certain  specifications. 

Elmpty  boxes  which  once  have  contained  explosives  must  never  again  be 
used  for  shipments  of  any  kind.  Farmers  who  have  attempted  to  ship  vegetables 
or  other  farm  products  in  such  boxes  have  unwittingly  gotten  themselves  into 
trouble  on  account  of  this  regulation  more  than  once. 

Danger  and  Safety 

Modem  explosives  have  been  developed  to  the  point  where  they  need  not 
be  feared  by  anyone  who  handles  them  intelligently.  Speaking  in  a  comparative 
way,  they  may  be  used  with  no  greater  dangers  than  there  is  in  the  using  of 
horses,  mowers,  traction  engines,  sawmills,  or  other  farm  equipment,  or  than 
there  is  in  using  shotguns  or  rifles. 

The  general  use  of  explosives  on  farms  is  so  new  that  many  people  dis- 
trust them  more  because  of  their  newness  than  from  a  clear  understanding  of 
any  actual  dangers  their  use  may  hold.  A  review  of  what  the  dangers  are  may 
help  users  of  explosives  to  avoid  them,  and  may  help  to  build  up  the  reader's 
belief  in  the  safety  of  explosives. 

There  is  some  danger  in  the  handling  and  transporting  of  explosives,  but 
it  depends  very  largely  on  the  exposure  of  the  dynamite  or  powder  to  heat, 
flame,  sparks,  blows  and  friction.  The  directions  say  to  keep  explosives  dry, 
to  keep  them  at  a  temperature  less  than  90  or  100  degrees  F.,  to  keep  them 
safe  from  sparks,  and  to  avoid  blows  and  shocks.  If  these  directions  are  followed 
there  will  be  few  accidents. 

Probably  the  most  common  cause  of  accidents  with  explosives  lies  in 
violation  of  some  of  these  primary  rules  while  thawing  frozen  sticks  of  dynamite 
or  powder.  Freezing  makes  the  high  explosive  less  sensitive  to  the  simple 
direct  shock  of  a  blasting  cap,  unaccompanied,  as  it  is,  by  any  friction.  But  at 
the  same  time  freezing  makes  the  explosive  more  sensitive  to  friction  in  any  form. 

For  this  reason,  though  a  frozen  stick  of  dynamite  cannot  be  fired  properly 
by  a  blasting  cap,  it  is  very  likely  to  be  fired  prematurely  by  a  chance  light 
blow  from  any  object  touching  it,  by  your  slitting  the  wrapping  paper  with  a 
knife,  by  breaking  the  stick  in  two,  or  by  attempting  to  punch  a  hole  into  it  to 
insert  a  cap.  (These  operations  are  entirely  safe  when  the  explosive  is  normal.) 
If  the  stick  is  dipped  in  warm  water  or  exposed  to  steam,  or  is  laid  on  anything 
which  is  warmer  than  about  125  degrees,  free  nitroglycerin  likely  will  leak  out 
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and  fall  in  drops.   And  one  drop  of  nitroglycerin  falling  only  a  few  inches  may  be 
escploded  itself  and  may  explode  all  dynamite  that  is  near  it. 

Throughout  the  entire  course  of  handling  the  explosive,  from  the  freight 
station  to  the  hole  in  the  stone  or  the  ground,  you  should  remember  the  five 
cautions  which  will  be  repeated:  Keep  it  dry,  keep  it  cool,  keep  it  away  from 
sparks  and  flame,  and  keep  it  safe  from  blows  and  friction.    Be  careful — as 
'  careful  as  you  would  in  driving  a  big  automobile  or  a  traction  engine.    Then 

"^^  you  will  be  secure  from  any  accidents,  and  explosives  will  be  entirely  safe  to 

handle. 
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FOREWORD 

The  writer  has  received  many  letters  asking  ques- 
tions about  the  use  of  explosives  on  the  farm.  These 
questions  may  be  classed  as  a  rule  under  the  head  of 
"How  explosives  are  used"  and  "Does  the  use  of  ex- 
plosives benefit  the  soil?"  Answers  to  the  first  class 
of  questions  may  be  found  in  books  on  the  manufac- 
ture and  use  of  explosives. 

This  paper  is  an  attempt  to  answer,  in  a  general 
way,  the  most  common  of  the  questions  of  the  second 
class. 

The  writer  has  had  occasion  in  mining  and  engi- 
neering work,  in  earlier  life,  to  use  all  kinds  of  explo- 
sives. In  later  years  as  a  chemist  he  has  endeavored 
to  invent  explosives  that  would  combine  safety  with 
efficiency  and  has  secured  patents  in  various  coun- 
tries. Recent  years  have  been  given  to  the  geology 
and  chemistry  of  the  soils,  and  the  writer  believes  that 
deep  plowing  and  cultivating  of  the  soils  by  means  of 
explosives  is  almost  as  great  a  step  forward  as  irriga- 
tion. He  believes  that  the  time  has  come  when  ex- 
plosives should  be  made  especially  for  agricultural 
uses,  explosives  that  will  be  safe  to  use,  safe  to  handle, 
and  safe  to  store  on  the  premises. 

If  this  paper  stimulates  in  any  degree  the  study  of 
soils,  or  encourages  the  farmer  to  use  freely  explos- 
ives made  especially  for  his  purposes,  it  will  have 
served  its  purpose. 
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THE  USE  OF  EXPLOSIVES 
IN  AGRICULTURE 

» 

Agriculture  has  been  and  will  be  the  primary  basis 
of  wealth,  for  the  solid  and  substantial  wealth  of  the 
nation  comes  from  the  soil.  The  soil  is  the  principal 
asset  of  the  nation,  the  one  that  not  only  clothes  and 
feeds  us,  but  the  one  that  will  if  properly  cared  for 
improve  with  age.  It  is  a  precious  inheritance  that 
should  be  jealously  guarded  and  cared  for,  yet  it  is 
neglected,  abused,  and  misunderstood. 

Nearly  all  the  best  land  of  the  country  has  been 
taken  up  and  the  question  of  the  present  and  of  the 
future  is  not  one  of  greater  acreage,  but  of  greater  pro- 
duction per  acre.  As  lands  rise  in  value  the  greater 
the  need  of  a  knowledge  of  all  the  factors  governing 
plant  growth,  and  of  the  best  instruments  to  use  in 
putting  the  soil  in  the  proper  condition.  This  knowl- 
edge of  intensified  farming,  or  the  new  agriculture,  is 
advancing  with  rapid  strides  keeping  pace  with  the 
latest  discoveries  in  transportation  and  power. 

Ag^culture  is  the  oldest  of  all  the  arts  of  civilization, 
and  as  early  as  95  B.  C,  Cato  said :  "Plowing  the  land 
means  rendering  the  earth  porous  and  friable,  which 
must  tend  to  increase  its  productiveness." 

Ages  have  passed  away,  yet  many  persons  still 
merely  scratch  the  surface  of  the  soil  instead  of  plow- 
ing deep,  content  to  live  on  the  thin  frosting  of  their 
cake. 

Agriculture  in  its  strictest  sense  refers  to  the  culti- 
vation of  the  soil  for  the  purpose  of  increasing  the 
growth  and  3aeld  of  valuable  plants.  Anything  there- 
fore that  does  increase  the  growth  and  yield  of  plants 
is  of  value  to  the  farmer  whether  it  be  a  machine,  a 
fertilizer,  or  an  explosive. 

Man,  after  all,  can  only  assist  Nature  in  every  way, 
and  one  of  the  best  ways  is  to  stir  the  soil  deeply, 
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keeping  it  in  the  proper  physical  and  hygienic  condi* 
tion.  In  order  to  attain  this  end  one  mast  have  some 
defiiute  knowledge  of  the  physical  and  <jiemical  char- 
acter of  the  soil  and  its  hygiene  in  order  to  secure 
good  crops.  He  most  not  look  at  the  soil  without 
seeing,  or  walk  over  it  without  thinking. 

The  object  of  this  paper  is  to  call  attention  to  some 
of  the  fundamental,  or  a,  b,  c,  principles  that  underlie 
the  care  of  the  soil,  and  explain  why  it  pays  to  use 
explosives  on  the  farm.  The  aim  of  the  farmer  is  to 
produce  large  quantities  of  saleable  produce  with  the 
least  amount  of  labor,  invested  capital,  time,  and  acre- 
age. Explosives  properly  used  in  many  ways  and  for 
many  purposes  mean  less  labor,  less  invested  capital, 
less  time,  more  acreage  cultivated,  and  an  increased 
production  per  acre. 

The  use  of  explosives  places  in  the  hands  of  the 
farmer  the  means  of  maintaining  and  increasing  the 
fertility  of  the  soil,  and  in  many  cases  to  make  soils 
productive  that  before  were  barren.  An  explosive  is 
a  labor-saving  device  that  reduces  the  cost  of  produc- 
tion, increases  the  crop  values,  saves  time  and  money, 
increases  the  acreage  that  can  be  tilled,  increases  the 
yield  per  acre,  improves  the  physical  character  of  the 
soil,  and  increases  the  value  per  acre  of  the  land.  It 
is  the  latest  up-to-date  farm  hand,  one  full  of  concen- 
trated power  and  condensed  strength,  and  one  ever 
ready  and  willing  and  able  to  do  the  work  assigned. 
Their  broadest  use  and  greatest  value  in  agriculture 
will  ever  be  for  stirring,  losening,  aerating,  and  drain- 
ing the  soil,  or  in  other  words,  DEEP  PLOWING. 

THE  PROBLEM  OP  Few  realize  what  even  ordi- 
THE  PARMER  nary    plowing    means.      The 

weight  of  an  acre  of  average 
soil  one  foot  deep  is  about  two  thousand  tons.  The 
art  and  science  of  soil  management  is  to  so  manipu- 
late this  4,000,000  pounds  of  raw  material  at  an  ex- 
pense of  from  ten  to  twelve  dollars  an  acre  as  to  pro- 
duce the  greatest  quantity  of  profits  and  still  leave  the 
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soil  in  the  best  condition  for  future  crops.  If  the 
farmer  only  plows  6  inches  deep  he  must  still  turn 
over  1000  tons  of  soil  per  acre,  and  if  only  3  inches 
deep  there  is  still  500  tons  per  acre  to  be  handled. 
Multiply  this  by  5  or  10  acres  or  more  and  it  is  heavy 
work  for  man  and  beast,  and  requires  a  correspond- 
ingly heavy  outlay  for  heavy  horses,  heavy  harness, 
and  strong  plows.  With  all  this  expense  land  is 
rarely  plowed  one  foot  deep,  and  with  the  best  sub- 
soil plows,  expensive  to  buy  and  expensive  to  operate, 
few  stir  the  soil  as  deep  as  18  inches.  With  an  ex- 
plosive, however,  the  soil  is  readily  stirred  to  a  depth 
of  five  or  more  feet  without  tying  up  capital  in  ma- 
chinery that  is  seldom  used,  costly  to  operate,  and 
rapidly  decreasing  in  value. 

THE  CHARACTER  In  order  to  understand  the  ef- 
OP  SOILS  feet  of  cultivating  land,  of  the 

relative  benefit  of  shallow 
plowing,  deep  plowing,  and  using  explosives,  one  must 
have  definite  ideas  about  the  character  and  composi- 
tion of  soils.  Many  seem  to  think  of  soils  only  as  a 
mass  of  ground-up  minerals  which  are  more  or  less 
dissolved  in  water,  forming  a  mineral  soup  on  which 
the  plants  feed,  and  that  when  the  valuable  minerals 
are  all  dissolved  the  soil  is  worn  out  and  exhausted 
unless  mineral  food  is  replaced  by  the  fertilizers  used. 
This  is  the  old  superficial  view  of  soils  that  has  led 
to  endless  errors,  exi>ense  and  loss.  It  does  not  look 
deep  enough  into  the  make-up  of  the  soils.  It  only 
considers  the  chemical  composition  of  the  soil  parti- 
cles which  are  remarkably  uniform  and  similar  in  all 
soilSy  and  is  of  minor  importance  and  overlooks  the 
physical  character  of  the  soils  which  vary  widely  and 
is  of  the  utmost  importance. 

WHAT  SOILS  ARE        The  physical  character  ot  a 

soil  means  the  size  of  the 
particles,  or  grains,  of  which  it  is  composed;  the  size 
and  arrangement  of  the  pores,  voids,  or  spaces  be- 
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tween  the  soil  particles  which  hold  the  soil  atmos- 
phere ;  and  the  kind  or  condition  of  the  water  contents 
of  the  soil.  If  the  physical  condition  of  the  soil  is 
good  crops  will  flourish.  If  the  physical  condition  is 
bad  crops  will  not  grow,  no  matter  how  much  min- 
eral fertilizer  is  fed  to  it.  Barnyard  fertilizers  help 
mainly  for  the  reason  that  they  improve  the  physical 
condition  of  the  soils. 

ENOUGH  MINERALS  Minerals  exist  in  nearly 
IN  THE  SOIL  every     soil     in     sufficient 

quantities  to  supply  the 
plants  with  mineral  food.  One  of  the  greatest  steps 
in  advance  in  agriculture  in  late  years  is  the  realiza- 
tion and  recognition  of  the  fact  that  practically  all 
soils  contain  sufficient  plant  food  for  good  crop  yields 
and  that  this  supply  is  indefinitely  or  permanently 
maintained,  and  that  the  productiveness  of  a  soil. de- 
pends more  upon  its  physical  condition  than  it  does 
upon  its  chemical  composition. 

NORMAL  SOILS      Normal  soils,  no  matter  whether 

they  are  the  rich  black  loams  of 
the  Mississippi  valley  or  the  sandy  soils  of  the  Pacific 
Coast,  are  really  and  finally  nothing  but  mixttures  of 
fine  gravel,  coarse  sand,  medium  sand,  fine  sand,  very 
fine  sand,  silt,  and  clay.  In  the  new  agriculture  these 
names  are  not  used  in  a  general  way,  or  in  a  general 
sense,  but  with  precise  and  scientific  limitations. 

The  fine  gravel  means  any  particles  not  larger  than 
two  (2)  millimeters  (2mm.)  or  smaller  than  one  milli- 
meter (1  mm.)  in  diameter.  Very  fine  sand  means  all 
particles  from  one-quarter  to  one-tenth  millimeter 
(0.25  to  0.1  mm.)  in  size  and  so  on.  These  sizes  seem 
very  small  to  us,  but  are  relatively  coarse  and  large 
when  compared  with  the  feeding  rootlets  of  plants. 
The  following  tables  show  the  standard  size  of  the 
soil  grains  or  particles,  and  the  immense  number  of 
particles  in  a  single  gram  of  pure  soil : 
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Number  of  particles 

Fine  graTel  2.000  to  1.000  mm 252 

Coarse    sand    1000  to  O.S       mm ^ 1,723 

Medium   sand 0.5       to  0.25     ram 13.500 

Fine    sand    0.25     to  0.1       mm : 132,600 

Very  fine  sand   01       to  0.05     mm 1.678.000 

Silt     0  05     to  0.005  mm 65.100,000 

Gay    0    05  to  0.000  mm 45,000,000,000 

IMPORTANCE  OP  THE     The  importance  of  the 
SOIL  PARTICLES  soil  particles  in  any  soil 

mass  lies  in  the  total 
turface  area  of  all  the  particles.  The  greater  the  sur- 
face area  of  the  particles  the  greater  the  amount  of 
water  held  at  a  film  on  their  surfaces;  or  in  other 
wordst  the  greater  the  amount  of  feeding  ground  pre- 
sented for  uie  hair-like  rootlets  to  feed  on*  To  appre- 
ciate what  is  meant  by  surface  area  take  this  illustra- 
tion; A  rock  3-ft.  cube,  or  one  cubic  yard,  exposes 
9  square  feet  of  surface  on  each  of  its  six  faces,  or  a 
total  of  54  sq.  ft.  Divide  it  into  i-foot  cubes  and  the 
surface  is  increased  to  162  square  feet.  Divide  it  into 
i-inch  cubes  and  it  presents  1944  square  feet,  or  nearly 
x-ao  of  an  acre  of  feeding  surface  for  the  roots*  A  single 
cartridge  of  explosive  can  easily  convert  several  yards 
of  compact  soil  or  useless  hardpan  into  half  an  acre  of 
new  feeding  ground. 

The  immense  area  exposed  to  the  feeding  roots  of 
plants  by  breaking  up  the  compact  soil  is  realized 
when  one  thinks  of  the  surface  area  of  the  soil  particles 
in  field  soils  in  square  feet.  The  particles  present  in 
a  single  gram  of  soil  have  been  calculated  as  follows : 

One    Gram    of  Particles 

Sjuidy   loam   contains 6,485,000,000 

Pine    sandy    loam 6,902,000,000 

Silt    loam    9,639.000.000 

Oay    loam    16,371,000,000 

Clay    19,525.000,000 

VOIDS        A  soil  must  be  porous,  that  is  have  enough 

voids  or  air  spaces  in  it  to  permit  the  en- 
trance of  air  and  moisture  in  proper  proportions  in 
order  that  the  plants  may  be  properly  supplied  with 
food  and  water,  and  that  the  sanitary  condition  of  the 
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soil  may  be  kept  good,  if  the  crop  is  to  have  a  vigorous 
and  healthy  growth.  These  voids  may  seem  infinitely 
small,  but  their  importance  is  large  and  must  be  taken 
into  consideration  by  the  cultivator  of  the  soil.  The 
soil  particles  are  not  in  actual  contact,  but  are  sepa- 
rated by  thin  films  of  moisture  or  by  actual  air  spaces. 
Their  size  may  be  judged  by  the  size  of  the  soil  parti- 
cles. The  size  of  the  voids  determine  the  amount  and 
circulation  of  the  soil  atmosphere,  the  circulation  of 
water,  and  the  soil's  capacity  for  retaining  moisture 
of  the  right  kind,  and  in  the  right  proportion  for  plant 
growth. 

If  the  particles  are  fine  as  in  the  clays  and  silts,  the 
voids  are  too  small.  If  the  particles  are  large  as  in  the 
sands  the  pore  spaces  are  large.  A  chiy  soil  has  more 
total  pore  space  than  a  sand,  but  the  individual  voids 
are  too  small  for  the  proper  aeration  of  the  soil  and 
proper  moisture  conditions.  The  benefit  of  the  ex- 
plosive is  in  creating  voids  that  permit  aeration  and 
water  circulation.  The  percentage  of  pore  space 
voids  by  volume  is  as  follows : 

Per  cent,  of  Pore  Space 
by  Volume. 

Qeaii    sand    oootains 33.SO 

Coane  sand  40.00 

Itteditiin  sand  ......~.~....~.~........w.~...~..............~..i.......^.....^..^...  41.80 

Fine  sand   44.10 

Sandy   loam   ^^ . .^ .^ SI. 00 

Silt    loam  -  53.00 

By  means  of  explosives  larger  pore  spaces  are  cre- 
ated in  the  compacted  soil  and  to  depths  greater  than 
can  be  obtained  by  other  means. 

SOIL  ATMOSPHERE        Plants  must  have  air  to 

breathe,  just  as  much  as 
animals,  and  need  a  well-ventilated  soil  as  much  as 
we  need  well  ventilated  rooms  to  live  in.  There  must 
not  only  be  a  good  soil  atmosphere,  but  there  must  be 
a  free  connection  with  the  air  above  the  soil. 

Air  and  water  will  not  penetrate  a  soil  thsTt  is  packed 
too  close.    It  would  require  a  volume  to  mention  all 
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the  effects  of  air  circulation  in  the  soil,  but  a  few  of 
the  elementary  facts  may  be  mentioned.  The  oxygen 
of  the  air  penetrates  the  soil  working  many  chemical 
changes  of  the  utmost  importance  to  plant  growth,  by 
oxidizing  soil  materials. 

The  soil  atmosphere  contains  more  carbon  dioxide, 
or  carbonic  acid  gas,  and  more  nitrogen  than  the  air 
above  ground.  The  carbon  dioxide  furnishes  the  car- 
bon for  the  woody  portion  of  the  plants,  of  the 
starches,  sugars,  and  other  hydrocarbon  compounds. 
The  diffusion  or  circulation  of  this  necessary  gas  is 
less  where  the  voids  are  too  small,  where  the  drainage 
is  poor,  and  where  water  percolates  slowly.  Soils 
have  the  power  of  absorbing  many  kinds  of  gases  that 
are  ever  busy  in  chemical  work.  This  property  prop- 
erly depends  upon  the  physical  condition,  porosity, 
temperature,  and  moisture  contents  of  the  soil.  Press- 
ing, compacting  the  soil,  or  too  much  water,  decreases 
the  amount  of  valuable  and  necessary  gases  absorbed. 
The  diffusion  of  air,  carbon  dioxide  or  absorbed  gases 
through  the  voids  is  slow  and  cultivation  or  loosening 
up  the  soil  is  necessary  in  order  to  secure  proper  aera- 
tion. The  air -and  gases  absorbed  aid  the  plant  roots 
in  dissolving  and  assimilating  the  plant  food.  Unless 
air  freely  enters  the  soil  and  is  frequently  changed 
nitrification  cannot  go  on,  hence  the  necessity  of  fre- 
quent plowing,  raking,  spading,  and  stirring  the  soil ; 
but  only  an  explosive  can  stir  it  to  its  depths. 

The  importance  of  the  soil  atmosphere  is  shown  by 
the  fact  that  less  than  10  per  cent,  of  the  growth  of 
tree,  crop,  or  vegetable,  comes  from  the  soil  itself,  and 
over  90  per  cent,  of  it  comes  from  the  soil  atmosphere 
and  moisture.  Burn  a  plant  and  the  ash,  or  mineral 
portion,  is  left.  Only  the  purely  mineral  part  of  this 
ash  is  from  the  soil  particles,  the  carbon,  hydrogen, 
oxygen,  and  nitrogen  that  make  up  the  bulk  of  the  ash 
and  of  the  plant  comes  from  the  soil  atmosphere  and 
moisture.  The  soil  atmosphere  is  of  many  times 
greater  importance  than  the  mineral  contents  of  the 
Soil-     This  is  why  deep  aeration  by  explosives  often 
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gives  remarkable  results  in  the  form  of  bumper  crops, 
after  expensive  fertilizers  have  failed.  An  explosion 
thoroughly  loosens  the  soil  admitting  air,  and  water 
vapor  and  the  air  is  brought  into  direct  contact  with 
soil  particles  that  had  been  previously  shut  away  from 
it,  giving  a  fresh  supply  of  plant  food.  Many  soils 
are  extremely  heavy,  being  composed  of  the  fine  parti- 
cles of  silt  and  clay.  Such  soils  are  easily  puddled  and 
compacted,  becoming  impervious  to  air  and  water,  a 
condition  easily  changed  by  use  of  an  explosive. 

WATER  IN  THE  SOIL  Water  is  the  most  im- 
portant and  necessary 
of  all  the  minerals  in  the  soil.  It  is  common  knowl- 
edge that  water  is  the  carrier  of  the  mineral. foods,  the 
dissolved  elements  and  the  absorbed  gases,  but  few 
seem  to  realize  that  water  is  present  in  soils  in  several 
physical  conditions,  each  serving  a  special  purpose,  so 
that  one  may  properly  speak  of  different  kinds  of 
water  as  existing  in  soils.  GRAVITATIONAL  WA- 
TER is  water  that  is  free  to  move  through  the  soil 
pulled  downward  by  the  force  of  gravity.  It  is  water 
present  in  excess  of  the  amount  which  the  soil  is  able 
to  retain,  and  is  injurious  to  plant  life  and  must  not 
be  allowed  to  remain  long  in  the  soil. 

CAPILLARY  WATER  is  that  which  is  retained 
after  the  gravity  water  has  drained  away,  and  which 
is  capable  of  rising  upward  or  spreading  laterally 
through  capillary  action  and  seemingly  in  opposition 
to  the  action  of  gravity.  The  capillary  capacity  of  a 
soil  depends  upon  its  texture  and  physical  character 
and  organic  contents.  It  is  controlled  largely  by  the 
size  of  the  voids.  This  water  is  the  principal  source  of 
plant  food  and  is  the  seat  of  important  chemical  and 
bioloq^ical  chan.L^cs. 

Irrigation  or  rain  furnishes  gravity  water  which 
drains  away  leaving  the  capillary  water  above  it. 
Gravity  water  stored  in  the  subsoil  and  depths  below 
maintains  the  supply  of  capillary  water  to  the  zone  of 
root  growth. 
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The  optimum,  or  best,  amount  of  capillary  water 
varies  with  each  kind  of  soil,  ranging  from  4  per  cent. 
for  some  sandy  soils  to  20  per  cent,  of  the  weight  of  a 
dry  clay  soil.  Where  plants  are  growing  the  move- 
ment of  this  kind  of  water  is  not  only  upward  but  also 
towards  the  living  roots  from  all  sides.  The  rate  of 
capillary  movements  varies  with  the  kind  of  soil.  For 
fine  sands  it  is  2.3  pounds  per  square  foot  per  day 
of  24  hours,  and  for  clay  loam  is  2.4  pounds. 


WATER  VAPOR        The  air  that  fills  the  pores  or 

voids  of  the  soil  contains  water 
vapor  even  after  the  capillary  water  is  exhausted,  and 
this  water  vapor  is  as  important  and  necessary  in 
maintaining  plant  life  as  the  moisture  in  the  air  of  the 
rooms  we  live  in  is  necessary  to  us. 


FILM  WATER        Drop  a  marble  into  mercury  and 

it  comes  out  dry.  Drop  it  into 
water  and  it  comes  out  wet  with  a  very  thin  film  of 
water  that  is  very  hard  to  remove  by  rubbing.  It  can- 
not be  driven  ofT  except  by  heats  greater  than  are 
found  in  soils  below  the  surface.  Hygroscopic  water 
is  the  moisture  that  condenses  upon  the  surface  of  the 
soil  particles  when  the  soil  is  allowed  to  become  air 
dry.  The  very  driest  road  dust  has  some  of  this  kind 
of  water  clinging  to  it.  The  hair-like  feeding  rootlets 
come  in  close  contact  with  the  film  water  without  be- 
ing excluded  from  the  necessary  air  supply.  Under 
ordinary  climatic  conditions  loams  and  clay  contain 
as  much  as  from  4  to  8  per  cent,  of  their  weight  of  this 
hygroscopic  or  film  water.  The  success  of  dry  farm- 
ing is  largely  due  to  maintaining  this  kind  of  water  in 
the  soil. 

The  right  amount  of  film  water  and  water  vapor, 
and  its  maintenance  by  capillary  water,  united  with 
air  in  the  voids  is  the  key  to  suctess  in  modern  agri- 
culture. 
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STORAGE  OP  WATER     The  diameter  of  the  soil 
IN  SOILS  particles  and  the  amount 

and  form  of  the  voids  de- 
termine the  storage  capacity  of  a  soil,  and  the  amount 
of  water  that  can  pass  through  it  in  a  given  unit  of 
time.  The  storage  capacity  in  round  numbers  is  about 
two  feet  of  water  to  five  feet  of  soil.  Sand  and  sand- 
stones lying  below  drainage  outlets  may  contain  38 
per  cent,  of  their  volume  of  water  and  become  storage 
reservoirs  of  great  capacity.  Clays  range  from  20  to 
50  per  cent,  of  their  dry  weights  in  stored  waters.  The 
maximum  water  capacity,  or  saturation  of  a  soil  de- 
pends upon  the  total  pore  space  as  shown  in  the  fol- 
lowing table : 

Per  Cent,  at 

Saturation. 

Dune    sand    40.5 

Coarse    sand    39.5 

Fine    sandy    loam 38.0 

Light    silt    loam 38.0 

Clay     54,5 

Humus    333.3 


The  optimum  or  best  amount  of  moisture  where  the 
soil  works  the  best  is  where  it  does  not  puddle,  but 
gives  the  desired  granulation  or  crumb  structure 
known  as  good  tilth,  without  hard  clods  and  easily 
pulverized  by  raking. 

WORK  OF  WATER       Water  does  mechanical  work 

in  carrying  down  dust, 
smoke,  gases,  and  dissolved  mineral  and  organic  mat- 
ter into  the  soil.  It  cuts  clods  into  pieces  and  breaks 
up  and  fines  the  soil.  It  also  is  active  in  many  ways 
chemically,  the  most  important  being  the  soil  solution. 

SOIL  SOLUTION       The  waters  in  the  soil  absorb 

gases  and  hold  in  solution  min- 
eral, animal  and  vegetable  matter.  This  soup  is  ab- 
sorbed by  the  feeding  rootlets  and  passes  through  the 
I)lant  circulation  and  is  the  blood  of  the  plant.  The 
excess  of  water  in  the  soil  solution  is  evaporated  from 
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the  leaves.    The  quantity  of  water  drawn  from  an 
acre  this  way  is  as  follows : 

Pounds  of  Water. 
WlMSt  exhales 409332 

■  ■■^■■■■it         rill    ir         I    ■■■■IT-    ■■       -       tr  -    -      - ^--      X  f  v3rOf4ftv4 

■»»■»*»»»»■#»—•»——*■•■••»<  ■■■••♦^■•••■—^••^■^■■•■••—^•■^■^•^••••■**»  a  ^yjOw^yy^ 

730>733 

5.049.194 

4,445,021 


Sonflowcrs 
Graperines 
CabVacc   . 
Hops    


WATER  TABLE       This  is  the  level  at  which  water 

stands  in  the  soil,  and  may  be 
permanent  or  temporary.  If  it  is  only  two  or  three 
feet  from  the  surface  there  is  not  enough  dry  soil  and 
soil  atmosphere  for  the  roots  to  grow  in  and  they  either 
drown  or  the  plant  is  sickly.  If  too  deep  not  enough 
water  rises  by  capillary  action  and  the  plants  suffer 
from  drought  unless  deep-rooted.  The  height  of  the 
water  table  depends  upon  the  physical  character  of  the 
soil,  the  character  of  thr  subsoil,  or  the  presence  of 
hardpan  or  rock  too  near  the  surface.  Few  vegetables 
or  trees  tolerate  having  their  roots  permanently  soaked 
in  water  any  more  than  a  person  can  keep  well  if  his 
shoes  and  stockings  are  constantly  wet. 

EVAPORATION        The  sun  is  the  greatest  of  all 

pumps.  Evaporation  takes  place 
largely  from  the  water  vapor  coming  out  through  the 
slow  process  of  diffusion.  A  dry  surface  mulch  of 
straw,  dust,  or  loose  soil  conserves  the  moisture  below 
by  preventing  evaporation.  The  water  in  the  lower 
portion  of  the  soil  can  only  be  lost  by  being  raised  first 
to  the  surface  to  be  evaporated. 

LIFE  IN  THE  SOIL        A  fertile  soil  fairly  hums 

with  life  and  activity.  My- 
riads of  microscopic  organisms  live  in  the  soil.  Some. 
are  scavengers,  some  are  busy  breaking  down  minerals 
into  plant  food,  and  others  are  chemists  extracting  ni- 
trogen from  the  air  and  organic  material  making  it 
available  as  food  to  the  plants.  The  success  of  agri- 
culture also  depends  a  g^eat  deal  upon  bacteria  and 
other  lowly  forms  of  life  in  the  earth.    Without  the 
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bacteria  the  soil  would  yield  poor  crops.  Without 
them  the  soil  would  soon  be  clogged  with  the  remains 
of  dead  plants  and  animals.  The  process  of  nitrifica- 
tion does  not  take  place  unless  the  soil  has  free  air  and 
water  vapor.  It  cannot  take  place  unless  the  soil  is 
in  and  is  kept  in  the  right  physical  condition. 

WARMTH  NECESSARY       5   ils  must  be  warm  in 

ae:  to  produce  crops. 
The  essentials  for  the  good  growth  of  crops  are  favor- 
able light,  air,  warmth,  and  moisture  conditions.  A 
C(>mpact  soil  loses  heat  more  rapidly  than  a  loose  one, 
and  plowing  with  explosives  warms  the  soil  to  greater 
depth.  The  coarser  the  soil  the  warmer  it  gets  and 
the  better  it  holds  the  heat.  The  bacteria  are  inert  in 
cold  soils  and  active  in  warm  soils.  Wet  soils  are 
cold,  and  draining  a  water-soaked  soil  warms  it. 

TEXTURE        This  term  takes  into  consideration  the 

size  of  the  soil  particles  and  of  the 
voids,  and  therefore  of  the  capacity  of  the  soil  to  re- 
tain moisture,  hold  sufficient  atmosphere,  and  absorb 
gases.  Coarse  textured  soils  hold  less  water  and  more 
air  than  soils  of  fine  texture,  but  the  kind  of  moisture 
is  that  most  useful  to  the  growing  plant.  Where  soils 
have  good  texture  they  are  granulated  or  crumbly,  the 
air  spaces  are  in  good  proportion,  the  kind  of  moisture 
right,  the  warmth  stimulating,  and  the  proper  chemical 
changes  are  taking  place.  The  following  table  shows 
the  influence  of  texture  upon  tht  ^'r  cent,  of  moisture 
contained : 

Coarse    sand  containing    4.8%  of  clay  holds    4.6%  capillary  moisture 

Medium    sandy  loam        "           7.3% 

Fine  sandy  loam  "  12.6% 

Silt  "  10.6% 

Silt   loam  "  17.7% 

Clay  loam  "  26.6% 

Clay  "  59.8%           "                 46.5% 

FEEDING  ROOTS         The     feeding     rootlets,     like 

slender  hairs  of  microscopic 
size  spread  everywhere  through  the  soil.  They  are 
always  moving,  pushing  forward,  and  absorbing  their 


11.8% 
11.8% 
12.9% 
26.9% 
32.4% 
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food  from  the  soil  waters  and  soil  atmosphere,  and 
ever  increasing  in  size  and  strength. 

TOXINS  Plants  not  only  absorb  food  but  also  ex- 
crete material  that  makes  the  soil  un- 
sanitary, poisonous  to  the  plant  that  secretes  them  and 
to  other  plants  t^at  :nay  follow.  Fortunately  some 
plants  feed  upon  the  toxins  excreted  by  others,  hence 
the  benefit  of  rot^tibi  jT  crops.  Toxins  are  definite 
}\  chemical  compounds  and  are  especially  apt  to  form 

where  the  aeration  is  deficient  or  the  soil  too  wet. 
Nearly  all  of  the  so-called  wornout  soils  are  soils  pois- 
oned by  prolonged  production  of  one  crop,  or  else  they 
are  soils  in  poor  physical  condition,  abused  and  neg- 
lected soils.  Nothing  helps  such  soils  so  easily  as  the 
use  of  explosives  to  bring  up  fresh  material  from  be- 
low and  to  admit  air  to  oxidize  the  toxins  into  harm- 
less material,  or  even  into  new  plant  food. 


CULTIVATING        Given  the  proper  physical   and 

hygienic  conditions  in  the  soil, 
and  crops  will  as  a  rule  find  present  all  the  plant  food 
i  they  desire  or  need.    A  natural  soil  is  rarely  a  per- 

^  feet  soil,  and  few  soils  are  in  the  proper  condition  to 

f  receive  and  retain  moisture  properly.     Plowing  and 

cultivating  are  chiefly  beneficial  on  account  of  their 
■  eflFect  upon  the  soil  texture,  upon  the  aeration,  mois- 

ture and  warmth.     The  purpose  is  to  break  up  and 
fine  the  soil  more  than  it  is  to  keep  down  the  weeds. 
I  Shallow  plowing  i^s.^^nfficient  to  admit  some  air,  and 

'  to   form    mulches  aiid  check  evaporation,   but   from 

all  that  has  been  said  before,  this  is  not  enough.  The 

ground  should  be  stirred  and  ventilated  several  feet 

in  depth,  something  beyond  the  ability  of  the  plow 

*  and  only  to  be  accomplished  by  the  use  of  explosives. 

THE  SUBSOIL  The  distinction  between  the  sur- 
face soil  and  the  subsoil,  espe- 
cially in  the  Pacific  coast  regions,  lies  very  often  only 
in  the  color  and  texture,  the  composition  being  very 
much  the  same. 
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Generally  the  subsoil  is  soil  in  the  process  of  mak- 
ing, or  raw  unfinished  soil  ready  through  aeration  to 
weather  rapidly  into  good  soil.  Where  the  subsoil 
is  wholly  different  from  the  surface  soil  in  composi- 
tion, as  clay  or  sand  below  loam,  it  requires  careful 
study  and  consideration. 

HARDPAN         This  is  mainly  a  secondary  product 

formed  in  the  soil  through  local  con- 
ditions, and  is  generally  due  to  a  checking  of  the  water 
circulation  and  lack  oi  aeration.  All  waters  which 
percolate  through  the  soil  soon  dissolve  materials  of 
various  kinds.  A  change  of  temperature,  a  checking 
of  the  water  movement,  or  other  causes,  may  precipi- 
tate this  material,  cementing  and  binding  the  subsoil 
into  impervious  hardpan.  It  is  impenetrable  to  plant 
roots  and  limits  the  depths  of  the  root  zone.  Move- 
ment of  the  soil  waters  is  arrested,  drainage  retarded 
and  the  power  to  retain  or  deliver  water  is  decreased. 
It  often  forms  shallow  basins  of  water  saturated  soil 
fatal  to  plant  life. 

TILrLAGE         In  order  to  be  successful  this  requires 

that  the  soil  be  turned  over  when  it 
is  in  a  satisfactory  condition,  crumbly  and  not  so  wet 
as  to  become  pasty  and  harden  into  clods,  nor  so 
dry  that  it  will  not  pulverize  before  plow.  The  main 
object  is  to  loosen  up  the  soil  and  admit  air  and  water 
vapor. 

COMMON  PLOWING         Plowing    as    commonly 

practiced  simply  turns 
over  the  same  thin  top  layer  of  the  soil  year  after 
year.  Many  farmers  do  not  stir  the  soil  more  than 
3  or  4  inches  deep  and  then  growl  about  drought  and 
poor  crops.  Some  work  the  land  to  a  depth  of  6  to  10 
inches  and  find  that  it  requires  heavy  teams  or  costly 
machinery.  A  few  who  have  the  capital  go  to  the  ex- 
pense of  using  subsoiling  machinery  and  stir  the  land 
to  a  depth  of  18  inches.    Most  of  them  would  go  deep- 
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er  if  they  knew  some  way  that  did  not  require  such 
heavy  outlays  in  money  and  time,  for  they  know  that 
our  most  important  plants  send  their  roots  down  not 
to  6  to  10  inches  but  from  6  to  10  feet  or  more.  The 
use  of  explosives  alone  solves  this  problem.  Hardpan 
seriously  interferes  with  the  upward  movement  of 
capillary  waters  and  the  downward  penetration  of  the 
roots,  and  explosives  alone  can  reach  these  lower 
strata  of  the  soil  which  lie  too  deep  to  be  attacked  by 
any  agricultural  implements.  They  are  the  simplest 
means  of  loosening  the  soil  to  that  depth  so  that  air, 
moisture,  and  roots  may  easily  penetrate  the  hardpan, 
creating  the  conditions  most  favorable  for  the  rapid 
growth  of  trees  and  plants.  When  the  hardpan  is 
broken  up  the  water  capacity  is  increased,  air  is  let 
in  which  corrodes  the  minerals,  forms  carbonic  acid 
with  the  humus  and  makes  many  chemical  and  physi- 
cal changes  that  increase  the  soil's  fertility. 


ALL  SOILS  BENEFITED  The  use  of  explo- 
sives is  not  simply 
a  benefit  in  cases  of  hardpan,  but  is  beneficial  to  all 
soils,  and  is  necessary  in  any  heavy,  impervious  soil. 
Its  effect  is  to  loosen,  drain  and  aerate,  and  give  addi- 
tional feeding  ground  for  the  roots.  It  loosens  up  the 
structure  of  the  deep  material  without  bringing  the 
subsoil  to  the  surface.  It  fines  the  soil  and  increases 
the  ease  of  root  penetration.  It  establishes  the  best 
conditions  for  the  storage  of  water,  the  rate  and  depth 
of  percolation,  increases  the  water  capacity,  and  fur- 
nishes the  growing  plant  with  the  right  kind  of  water. 
It  restores  the  so-called  wornout  soils  to  fertility  and 
makes  otherwise  worthless  acres  produce  record- 
breaking  crops.  The  gases  produced  are  mainly  car- 
bon dioxide,  and  compounds  of  oxygen,  hydrogen  and 
and  nitrogen,  none  of  them  injurious  to  plant  growth, 
and  most  of  them  actually  beneficial.  Explosives  de- 
stroy many  forms  of  animal  life,  and  some  fungi  and 
other  undesirable  forms, of  growth. 


I 
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USING  EXPLOSIVES         Directions     for     loading 

and  firing  explosives 
nuiy  be  obtained  from  any  manufacturer  and  should  be 
carefully  studied.  A  few  general  points  on  their  use 
may  be  noted.  The  depth  at  which  the  explosive  is 
placed  should  be  governed  by  the  nature  of  the  soil. 
Where  the  hardpan  is  thin  place  the  charges  below  the 
hardpan  and  not  closer  than  4  or  6  feet  apart.  Where 
ther«  is  a  thick  hardpan  place  the  charges  in  the  hard- 
pan  and  from  6  to  20  feet  apart.  Use  a  blunt  bar  that 
is  larger  than  the  cartridge  to  form  the  holes.  It  may 
be  well  to  try  out  on  a  sample  plot,  varying  the  dis- 
tance, depth  of  holes,  and  size  of  charges,  where  the 
acreage  is  large.  In  dry  ground,  if  deep,  the  holes  may 
be  as  close  together  as  3  feet.  Light  soils  can  be 
blasted  to  best  advantage  when  they  are  wet.  Heavy 
soils,  clay  and  hardpan  are  best  blasted  when  they  are 
dry,  as  they  are  shattered  then  and  not  packed.  The 
best  time  in  the  year  in  general  is  at  the  close  of  the 
rainy  season,  so  as  to  aerate  the  soil  thoroughly  be- 
fore it  is  wet  again. 

IN  THE  ORCHARD        Success     or     failure     date 

often  from  the  day  when 
the  orchard  is  planted.  Mistakes  made  then  count 
ever  afterward.  The  root  system  is  fixed  at  that  time 
once  for  all.  The  holes  may  seem  deep  and  the  fur- 
rows may  be  plowed  deep;  yet  how  shallow  both  are 
when  compared  with  soils  that  have  been  blasted! 
The  thorough  preparation  of  the  land  is  of  the  utmost 
importance  in  planting  orchards  and  small  fruit.  Men 
are  often  in  such  a  hurry  to  plant  that  they  set  out 
trees  on  ground  unfitted  by  lack  of  tillage  for  their 
reception.  Trees  to  do  their  best  need  to  have  the 
land  in  a  high  state  of  cultivation.  The  insect  and 
disease  resisting  tree  is  simply  one  healthy  and  vigor- 
ous enough  to  resist  their  attacks.  The  ground  must 
be  so  prepared  that  the  growing  trees  may  have  plenty 
of  room  for  its  roots  to  extend  into.  They  should  go 
down  a?  well  as  spreading  out  sidewise.    If  the  roots 
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are  crumpled  and  confined  the  tree  is  dwarfed.  The 
holes  commonly  dug  for  trees  may  seem  large,  but 
they  too  often  have  hard  walls  and  impervious  bot- 
toms. One  might  as  well  plant  the  tree  in  a  tub  of 
the  same  size  as  such  holes.  Trees  often  send  their 
roots  down  twenty  feet  or  more;  compare  this  with 
the  depth  of  ordinary  plowing.  If  hardpan  or  rock 
is  met  by  the  roots  they  are  forced  to  spread  out 
laterally  and  become  crowded  and  matted,  or  spread 
until  they  interfere  with  their  neighbors  and  all  are 
injured.  This  crowding  of  the  roots  means  the  dwarf- 
ing or  stunting  of  the  tree,  less  vigor  to  resist  disease, 
and  inability  to  stand  a  dry  spell.  Where  trees  are 
set  shallow  the  roots  are  too  close  to  the  surface  and 
suffer  during  a  hot  spell.  The  more  porous  and  looser 
the  soil  the  more  rapid  the  growth  of  the  tree,  the 
deeper  its  root  system, 'and  the  quicker  it  comes  into 
bearing.  By  blasting  compact  soils  are  made  porous 
and  converted  into  a  sponge  absorbing  water  and 
storing  it  for  the  use  of  the  tree  roots  in  the  dry  spell. 
As  soon  as  the  roots  reach  the  deep  loose  soil  that  is 
permanently  moist  irrigation  water  is  saved.  Fire  a 
charge  of-  explosive  deep  down  wherever  a  tree  is  to 
be  planted.  A  shallow  soil  underlaid  by  a  waterproof 
subsoil  is  worth  little  for  in  the  rainy  season  the  tree 
roots  are  drowned  or  rotted,  and  in  the  dry  season  the 
soil  does  not  retain  moisture  and  trees  and  fruits  die 
rapidly. 

All  fruit  and  ornamental  trees  should  have  the 
ground  prepared  first  by  blasting;  then  dig  a  hole  and 
fill  in  alternately  with  soil  and  manure,  or  such  patent 
plant  foods  as  your  fancy  desires  and  your  pocket- 
book  permits.  Where  the  orchard  is  growing,  deep 
plowing  by  machinery  cannot  be  done,  but  trees  may 
be  kept  thrifty  by  small  shots  between  the  rows. 
Where  the  trees  are  quite  old  start  6  or  8  feet  away 
from  the  trees  and  put  down  the  hole  at  an  angle  of  45 
degrees  to  a  considerable  depth  and  use  a  moderate 
charge  according  to  the  nature  of  the  soil.  The  re- 
sult will  be  seen  in  the  second  and  Xhird  crop.     It  is 
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good  practice  to  use  a  small  amount  of  explosives  be- 
tween the  rows  of  trees  every  year  or  so.  Never  re- 
plant without  blasting  the  ground. 

STUMPS        Every  farmer  knows  that  time  is  wasted 

when  he  has  to  plow  around  stumps,  dead 
trees,  and  boulders.  He  knows  also  that  they  pre- 
vent the  proper  cultivation  and  rotation  of  crops,  and 
that  seeding  and  harvesting  machinery  cannot  be  used 
around  stumps.  These  things  are  bad  enough,  but 
what  is  worse  is  the  fact  that  the  stumps  are  thieves, 
robbing  the  farmer  of  ground  that  is  needed,  and  that 
should  be  raising  valuable  crops.  It  is  difficult  to  cal- 
culate in  dollars  and  cents  the  gain  in  land  where  the 
stumps  have  been  removed.  That  it  is  large  is  evi- 
dent if  one  stops  to  think  that  an  average  stump 
wastes  ground  that  would  support  a  profitable  fruit 
tree,  or  half  a  dozen  ears  of  corn. 

Farmers  noticed  long  ago  that  crops  sown  where 
stumps  had  been  blasted  were  heavy  and  healthy, 
while  those  on  adjoining  ground  were  dried  up  and 
sickly.  This  is  of  course  due  to  the  stirring  up  of  the 
soil  to  depth  as  already  explained.  It  is  bad  economy 
to  burn  stumps,  as  it  wastes  time  watching  the  fires, 
and  it  is  impossible  to  bum  deep  below  the  surface. 
Burning  also  destroys  humus  and  the  fertility  of  the 
soil,  undoing  the  work  of  Nature  in  mellowing  the 
earth.  It  is  almost  impossible  to  burn  a  green  stump, 
or  to  remove  the  roots  of  any  stump  by  burning  so 
that  they  will  not  interfere  with  the  cultivation  of 
the  ground.  Digging  out  stumps  is  not  only  hard 
work,  slow  work  and  expensive  work,  but  it  leaves 
a  great  hole  that  has  to  be  filled  up  and  roots  that  are 
ever  a  nuisance.  Pulling  stumps  is  hard  work,  leavea 
holes  to  be  filled,  and  a  hard-packed  soil  to  be  plowed. 
If  the  stumps  are  pulled  by  maq^inery  it  requires 
too  much  time  andl  power  and  too  heavy  an  invest- 
ment that  rapidly  depreciates  in  value.  Why  chop, 
dig,  bum,  or  pull  stumps  when  there  is  a  quicker,  bet- 
ter and  cheaper  way?    One  that  requires  little  capital. 


75 


Use  of  Explosives  in  Agriculture  23 

few  and  simple  tools,  and  no  expert  experience. 
Stumps  can  be  removed  by  explosives  at  a  fraction  of 
the  cost  of  pulling,  and  the  stump  is  at  the  same  time 
split  up  into  fragments,  the  roots  are  broken  up  and 
the  ground  below  and  around  is  loosened,  mellowed 
and  invigorated.  There  is  not  only  a  saving  of  time 
and  money,  but  an  actual  benefit  to  the  soil,  for  it  is 
better  than  if  the  land  had  been  fertilized  in  the  usual 
way. 

THE  TOOLS        are  few  and  simple.     A  two-inch 

auger,  or  a  crowbar,  for  making 
the  holes,  which  should  be  a  little  larger  than  the 
cartridge  or  "stick"  of  explosive  used.  A  wooden 
tamping  rod  for  tamping  the  hole  after  the  charge  has 
been  placed  in  it. 

.THE  EXPLOSIVE        A  low-grade  explosive  is  best 

in  clay,  hardpan  and  compact 
soil,  and  a  higher  grade  for  sand  and  light  soils.  The 
caps  or  detonators  should  be  high-grade,  as  XXXXX 
(5X)  caps  give  a  better  result  than  a  lower  grade,  for 
tile  stronger  the  cap  the  stronger  the  explosion;  or, 
as  the  experts  say,  the  greater  the  initial  impulse  the 
greater  the  disruptive  power  of  the  explosive. 

PLACING  THE  CHARGE        The  charge  should  be 

placed  so  as  to  hit 
the  toughest  part  of  the  stump  the  hardest  blow  from 
below;  that  is,  the  charge  should  be  placed  under  the 
center  of  greatest  resistance,  which  is  not  necessarily 
the  center  of  the  stump.  Do  not  be  afraid  of  a  little 
extra  work  in  placing  the  charge  to  the  best  advan- 
tage. The  uphill  side  of  the  stump  may  be  the  mean- 
est from  which  to  make  the  hole,  but  is  often  the  best 
If  the  stump  is  hollow  or  rotten  a  charge  should  be 
placed  under  each  large  root.  All  holes  should  be- 
deep  enough  to  remove  the  roots  as  well  as  body  of  the 
stump,  and  are  best  driven  in  at  an  angle  of  35  to 
50  degrees.     If  the  stump  is  not  too  large  a  single 
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cartridge  properly  placed  and  carefully  tamped  will 
take  it  out.  If  the  stump  is  large,  tunnel  or  trench 
under  the  bottom  and  make  a  hole  as  near  the  center 
as  possible  and  only  large  enough  to  receive  the 
cartridge,  disturbing  the  natural  earth  as  little  as  pos- 
sible. Place  the  explosive  near  the  wood.  If  the 
stump  has  a  tap  or  peg  root  place  the  charge  well 
down  and  close  to  this  root.  Tamp  the  hole  with  clay 
or  wet  earth.  Properly  done,  the  stump  is  thrown 
completely  out  of  the  ground  and  split,  and  the  roots 
are  freed  from  soil. 

Jn  felling  trees  put  the  charge  well  under  them  so 
as  to  lift  them  up.  Blast  when  the  ground  is  wet  and 
get  the  best  results.  The  factors  to  be  studied  are 
the  diameters  of  the  stumps;  whether  the  soil  is  wet 
or  dry,  light  or  heavy;  the  kind  of  wood,  age  and  con- 
dition of  the  stump;  and  nature  and  position  of  the 
roots. 

BOULDERS         Boulders,     like     stumps,     are     land 

thieves.  Scattered  over  the  ground, 
they  occupy  soil  that  should  be  in  crops.  They  have 
to  be  plowed  around  and  interfere  with  the  operation 
of  cultivating  and  harvesting  machinery.  The  oldest 
method  was  to  dig  a  deep  hole  and  bury  them,  cover- 
ing up.  but  not  removing  the  evil.  This  slow,  tedious 
and  expensive  method  of  only  partially  removing  the 
evil  is  now  almost  obsolete.  Prying  or  lifting  out  the 
boulders  requires  heavy  machinery  and  capital.  The 
cheapest,  quickest  and  best  way  is  to  blast  them  out, 
for  this  not  only  completely  removes  them  and  per- 
mits something  to  be  raised  on  the  ground  they  oc- 
cupied, but  it  also  puts  the  packed  soil  into  excellent 
condition,  somethin.j;^  that  is  not  done  by  any  other 
method.  Do  not  try  to  remove  them  by  "mudcapping" 
or  "bulldozing:"  that  is,  by  placing  the  cartridge 
on  the  boulder  and  covering  it  with  mud.  This  is  the 
lazy  man's  way  and  is  wasteful,  expensive  and  dan- 
gerous, and  requires  a  high-grade,  dantjerous  explo- 
sive.   It  is  true  that  a  high-grade  nitroglycerine  explo- 
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plosive  will  shatter  rocks  in  this  way;  but  hig:h  ex- 
plosives of  that  kind  are  expensive,  sensitive,  danger- 
ous to  handle  or  have  around,  and  not  safe  except  in 
the  hands  of  professionals.  They  are  not  the  kind 
adapted  to  the  general  use  of  the  farmer.  What  he 
wants  is  an  explosive  that  is  not  expensive,  that  is  not 
sensitive  under  ordinary  rough-and-tumble  handling 
of  careless  laborers,  and  that  is  efficient  and  will  do 
its  work.  A  hole  drilled  into  the  rock  near  the  center 
will  with  a  small  charge  shatter  the  boulder  com- 
pletely. It  is  cheaper  to  drill  such  holes  than  to  waste 
powder  on  bulldozing.  With  small  boulders  the  charge 
may  be  placed  as  nearly  as  possible  under  the  center, 
lifting  and  shattering  it,  and  stirring  up  the  soil.  See 
that  the  charge  is  well  tamped  with  mud  or  damp 
clay. 

DRAINAGE  Gravitational  water  should  be  re- 
moved from  the  area  of  the  growing 
roots  in  all  kinds  of  soil.  Where  there  is  an  excess  of 
water  in  the  soil,  drawing  it  off  gives  greater  depth 
to  the  working  soil,  warms  the  soil,  admits  air,  in- 
creases the  amount  of  plant  food  available,  lengthens 
the  growing  seasoii,  improves  the  soil  texture,  in- 
creases the  voids  or  porosity,  and  prevents  waste 
through  heavy  washing.  Using  explosives  is  often  the 
quickest  and  cheapest  way  of  draining  overwet  soils. 
Water  standing  on  the  surface  not  only  damages  the 
crops,  or  prevents  their  being  planted  at  all,  but  pre- 
vents the  farmer  from  cultivating  the  ground.  This 
condition  is  generally  due  to  hardpan,  clay  or  other 
impervious  strata.  The  explosives  punch  holes 
through  these,  letting  the  water  drain  down  into  por- 
ous strata  below  and  restoring  the  soil  to  fertility. 
Many  extensive  swamps  are  caused  by  such  impervi- 
ous strata  and  may  be  drained  in  the  same  way.  In 
such  cases  the  advantage  of  using  a  waterproof  ex- 
plosive is  obvious.  Underdrainage  removes  water 
from  all  the  voids  except  the  capillary  spaces  and 
leaves  the  other  voids  free  to  air  circulation.    Under- 
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drainage  loosens,  deepens  and  aerates  the  soil  perma- 
nently. Explosives  enable  many  to  drain  low  and 
nearly  level  lands  that  are  impossible  to  drain  by 
ditches.  Bore  or  drive  holes  through  the  subsoil  or 
hardpan  and  explode  rather  large  charges  of  low, 
waterproof  explosives,  so  as  to  thoroughly  loosen  up 
the  ground.  This  method  not  only  secures  more  fer- 
tile land,  but  incidentally  removes  many  an  eyesore, 
and  it  maybe  gets  one  rid  of  mosquitoes  and  other 
pests. 

DIGGING  DITCHES        The  quickest  way  to  dig  a 

ditch,  no  matter  what  the 
kind  of  soil,  is  to  use  explosives.  The  dirt  is  nearly 
all  thrown  out  and  scattered  over  the  land,  if  desired, 
leaving  no  ridges  or  heaped-up  stuff  along  the  sides. 
Wet  ground  offers  considerable  resistance  and  should 
be  blasted  with  a  low  grade  of  explosive.  Dry  ground 
offers  little  resistance  to  the  expanding  gases  and  a 
quicker  explosive  may  be  used.  Where  the  ditches 
are  wide  use  two  or  three  rows  of  cartridges  placed 
alternately.     . 

GOOD  ROADS        The  day  of  l}ad  roads  is  nearly 

over,  and  no  one  appreciates 
more  than  the  farmer  the  economy,  advantages  and 
necessity  for  good  roads.  By  using  explosives  in 
building  roads  the  ground  is  quickly  drained,  rocks 
and  stumps  removed,  and  the  soil  loosened  for  grad- 
ing and  shaping,  and  the  ditches  dug. 

FOUNDATIONS        When    building    a    house    the 

foundations  should  rest  on  solid 
ground.  Blasting  down  to  solid  support  is  the  quick- 
est and  most  economical  way. 

CELLARS         Loosening    the    dirt    with    explosives 

quickly  prepares  the  ground  for  scra- 
pers and  shovels. 
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IN  GENERAL        There  is  scarcely  an  end  to  the 

uses  to  which  explosives  may  be 
used  on  a  fatrm.  It  will  remove  OLD  BUILDINGS, 
dig  WELLS,  make  DRAINS,  d^  POST  HOLES  and 
CESSPOOLS,  split  LOGS,  and  do  many  other  kinds 
of  work  with  econcmiy  and  rapidity.  It  is  useful  in 
PREPARING  LAND  for  cultivation  by  breaking  up 
hardpan,  shale,  rock  and  clays  on  or  bdow  the  surface. 
It  REVIVES  LAND,  restoring  the  poisoned,  sick 
soils  to  new  fertility.  Its  use  in  nearly  all  soils  is 
REVIGORATING,  REVIVING,  CLEANSING, 
HELPFUL. 

ALL  CROPS  ARE        It  is  a  mistake  to  think  that 
BENEFITED  the  use  of  explosives  is  limit- 

ed to  the  orchard,  or  to  re- 
moving stumps  or  boulders.  The  use  of  explosives  is 
really  DEEP  PLOWING  and  is  beneficial  to  all  ex- 
cept the  most  shallow  rooted  of  crops.  Actual  tests 
have  proven  that  by  their  use  CORN  crops  have  in- 
creased one-third  or  more;  and  that  even  such  crops 
as  LIMA  BEANS,  tomatoes,  watermelons,  roses,  etc., 
have  shown  remarkable  growth  and  vigor  where  the 
soil  has  been  plowed  deeply  this  way. 

WHEN  TO  DO  IT        Explosives  may  be  used  to 

advantage  at  any  time.  "Do 
it  now"  is  a  good  time  to  begin.  Where  an  explosive 
is  to  be  used  on  a  large  scale  a  good  time  is  immedi- 
ately after  harvest  before  the  cold  weather  sets  in. 
Then  the  waters  of  the  rainy  season  will  be  absorbed 
and  stored  for  use  during  the  coming  hot,  dry  season. 


EXPLOSIVES        Everyone  using  explosives  to  any 

extent  should  study  at  least  one 
of  the  many  books  that  explain  their  manufacture  and 
nature.  In  the  general  sense,  an  explosive  is  a  sub- 
stance that  is  capable  under  certain  conditions  of  a 
sudden  and  considerable  increase  in  volume,  such  as 
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the  sudden  conversion  of  a  solid  or  liquid  into  gases. 
Gunpowder,  a  mixture  of  carbon,  sulphur  and  nitre, 
is  converted  instantly  into  gases  by  contact  with  flame. 
Water  in  the  form  of  confined  steam  expands  with 
explosive  violence  when  the  pressure  is  released. 
FFour  dust  mixed  with  air  forms  gases  so  rapidly  when 
ignited  that  the  effect  is  that  of  an  explosive.  Gas 
jets  leak  and  the  gas  mixes  with  the  air  and  the  room 
becomes  filled  with  an  explosive  mixture  that  only 
needs  a  match  to  make  it  dangerous.  The  materials 
combine  chemically  and  the  heat  from  this  chemical 
action  expands  the  gases  formed  with  such  rapidity 
as  to  be  disruptive  in  effect.  The  chemical  reactions 
in  some  materials  can  be  started  by  bringing  the  dif- 
ferent chemicals  into  intimate  and  minute  contact  by 
a  blow  or  by  compression,  as  when  gunpowder  is 
struck  or  compressed,  or  when  slight  friction  is  ap- 
plied to  a  drop  of  nitroglycerine,  or  a  fulminate  is 
tickled  lightly  with  a  feather.  Other  compounds  can- 
not be  exploded  by  a  shock  or  blow,  but  are  sensitive 
to  heat  or  flame.  A  few  cannot  be  exploded  by  shock 
or  flame,  but  the  chemical  action  is  started  by  special 
means,  such  as  fulminating  caps,  chemical  prepara- 
tions, or  even  high  vibrations  like  the  X-ray.  Techni- 
cally explosives  are  classified  as  HIGH  EXPLO- 
SIVES or  as  LOW  EXPLOSIVES.  In  high  explo- 
sives the  chemical  reaction  once  started  takes  place 
throughout  the  mass  in  practically  the  same  minute 
fraction  of  time,  and  the  result  is  most  violent,  produc- 
ing a  terrific  crushing  or  shattering  effect.  In  low 
explosives  the  chemical  reaction  is  relatively  slow  and 
produces  more  of  a  pushing  or  propelling  effect.  While 
this  difference  in  time  exists,  it  is  not  appreciated  or 
its  effect  realized  by  the  untrained  mind  any  more 
than  the  speed  of  photo  camera  shutters  that  move  in 
from  the  1000  part  of  a  second  to  the  100,000  part  are 
appreciated  by  the  amateur.  Explosives  are  now 
made  from  all  kinds  of  material  and  for  all  kinds  of 
work.  The  BEST  EXPLOSIVE  is  one  made  espe- 
cially for  the  kind  of  work  to  be  done.    Hig^h  explo- 


75 


Use  of  Explosives  in  Agriculture  29 

sives  arc  necessary  in  many  kinds  of  work,  but  not, 
for  example,  in  firing  a  cannon  where  the  shell  has  to 
be  pushed  out  with  startling  rapidity  without  burst- 
ing the  cannon.  The  agriculturalist  should  use  only 
explosives  especially  prepared  for  his  work.  He  docs 
not  need  the  high  explosives,  or  those  that  are  sensi- 
tive to  shock,  friction  or  that  are  exploded  by  flame. 
He  does  not  need  to  use  dangerous  and  unstable  com- 
pounds that  have  to  be  kept  frozen  in  order  to  be 
handled  safely,  and  then  run  the  risks  attending  thaw- 
ing out  before  they  can  be  used.  What  he  should  do 
is  to  use  an  explosive  that  stands  all  ordinary  shocks 
of  handling  and  transportation,  that  does  not  explode, 
but  simply  burns  up  when  set  on  fire,  that  does  not 
freeze  or  have  to  be  thawed  out,  that  is  waterproof 
and  not  subject  to  deterioration  by  action  of  the 
weather.  He  does  not  need  and  should  not  use  the 
expensive,  high-grade  nitroglycerine  explosives.  The 
various  grades  of  low  explosives  that  cost  less  with- 
out losing  quality  will  do  all  his  work,  from  stumps 
and  boulders  to  deep  plowing,  better  than  high  ex- 
plosives. 

DANGER  IN  THE  The  principal  danger  in  the 
CAPS  use  of  explosives  on  the  farm 

comes  from  the  "cap"  or  ful- 
minate used  to  explode  the  stick  of  explosive.  This 
danger  is  avoided  by  careful  use  and  is  not  prohibi- 
tive. The  caps  should  only  be  used  and  handled  by 
a  careful  and  thoughtful  person.  Absence  of  mind 
may  cause  a  sudden  absence  of  some  useful  portion  of 
the  body,  as  a  single  cap  can  blow  off  fingers  or  shatter 
one's  hand.  These  copper  caps  are  partially  filled  with 
a  white  substance  that  is  largely  fulminate  of  mercury, 
which  is  sensitive  to  even  slight  taps  or  blows.  A  cap 
should  never  be  tapped  to  get  the  sawdust  out  of  it. 
No  toothpick  or  stick  should  be  used  to  clean  it  out. 
In  fact,  nothing  should  be  allowed  to  touch  the  fulmi- 
nate in  the  cap.  The  fuse  should  be  cut  off  square  and 
never  at  an  angle,  for  the  point  in  this  case  may  get 
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pushed  into  contact  with  the  fulminate  and  disaster 
result.  The  square  end  of  the  fuse  should  be  inserted 
into  the  end  of  the  cap  to  permit  the  cap  to  be  crimped 
on  to  the  fuse  with  pliers  made  for  this  purpose.  Dis- 
charge any  man  instantly  who  bites  the  cap  on  to  the 
fuse.  Let  him  be  buried  from  some  other  farm  than 
yours.  .  Insert  the  cap  with  the  fuse  crimped  on  into 
the  cartridge,  and  tie  the  top  of  the  cartridge  firmly 
to  the  fuse.  This  is  to  prevent  the  cap  from  being 
jammed  down  into  the  cartridge,  or  being  pulled  out 
of  contact  with  the  explosive  while  loading  the  hole. 
Pulling  the  cap  out  of  contact  with  the  powder  while 
straightening  the  fuse  is  a  common  cause  of  misfire. 

Nothing  is  a  safety  or  safe  explosive  when  in  the 
hands  of  a  careless  or  ignorant  person,  and  the  reck- 
less, foolhardy  person  who  is  fond  of  showing  off  is 
worse  than  anyone  else.  A  dunce  has  to  get  on  the 
best  he  can  with  what  little  brains  he  can  utilize,  but 
a  fool  is  reckless  when  he  knows  better.  Eliminate 
these  two  and  anyone  of  average  intelligence  can  use 
with  safety  the  explosives  made  especially  for  use  on 
the  farm. 

An  explosive  is  simply  enormous  energy  in  small 
compass,  but  steam,  gasoline,  electricity,  matches,  coal 
oil  and  all  forms  of  machinery  are  only  energetic  forces 
bottled  up  and  harnessed  by  experts  ready  to  obey 
and  he  the  willing  servants  of  man  if  he  will  use  them 
right  and  not  abuse  them. 


POINTERS        All  manufacturers  of  explosives  issue 

circulars  giving  directions  for  using 
their  products,  but  there  are  a  few  general  points 
everyone  should  know.  The  fuse,  as  already  stated, 
should  be  cut  square  across  and  the  fresh  end  put  into 
the  top  of  the  cap.  but  never  pushed  down  to  the  ful- 
minate. Spread  grease  or  tallow  over  the  fuse  at  the 
junction  with  the  cap  when  firing  wet  holes.  The 
stronger  the  cap  the  stronger  the  initial  impulse  and 
the  stronger  the  explosion  with  any  and  all  explosives. 
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Some  explosives  are  made  to  be  exploded  only  by  No. 
5  or  6X  caps  and  cannot  be  completely  exploded  with 
anything  less.  Do  not  use  cheap  fuse  or  cheap  caps. 
Use  electrical  firing  machines  if  possible,  especially  if 
there  are  a  number  of  holes  to  be  fired  at  the  same 
time.  Never  store  the  caps  in  the  same  place  as  the 
explosives.  Tamping  is  important  with  low  explo- 
sives. Ram  in  with  a  wooden  bar,  never  using  iron  on 
account  of  the  cap.  Use  clay  or  compact  dirt  and  then 
wet  it,  or  use  mud  that  will  pack  well.  Loose  dirt, 
gravel,  sand,  stones,  etc.,  are  of  little  service,  as  the 
object  is  not  to  weigh  the  explosive  down,  but  to  clo«c 
all  vents  so  as  to  hold  in  the  gases.  All  explosives  do 
their  best  work  when  closely  confined  in  the  center 
of  the  material  to  be  broken  or  thrown  out.  Never  use 
an  explosive  that  is  frozen.  Never  use  a  nitroglycerine 
explosive  that  has  once  been  wet  and  then  dried  out. 
In  placing  the  charge  remember  that  the  effect  of  the 
shot  is  affected  by  (1)  the  shape  and  size  of  the  stump, 
rock  or  soil,  (2)  the  texture  of  the  material,  whether 
it  is  hard  and  firm  or  soft,  loose,  brittle  or  tough,  (3) 
the  structure  of  the  material,  whether  it  is  laminated, 
stratified,  fissured,  massive  or  frag^ental,  (4)  and, 
finally,  its  elasticity  or  ability  to  give  or  stretch. 
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VERTICAL  FARMING 

PART  I 

The  Origin  and  Character  of  Soils 

Soils  Are  Rock  Waste. — Soils  were  not  originally  a  part  of 
the  earth's  surface,  but  have  been  formed  slowly  by  the  crum- 
bling and  breaking  up  of  the  surface  rocks  into  fine  particles, 
such  as  clay  and  sand.  Sometimes  this  breaking  up  occurred 
where  the  soils  are  now  found,  and  the  character  of  the  soil  is 
governed  by  the  kind  of  rock  that  was  left  on  the  surface, 
while  in  other  cases  the  rocks  and  the  soil  that  came  from  them 
have  been  carried  thousands  of  miles  and  mixed  with  other 
material,  forming  a  conglomerate  mixture  from  many  sources. 
The  highland  and  mountain  soils  in  this  country  have,  as  a  rule, 
been  formed  very  near  the  places  where  they  are  now  found, 
while  the  soils  in  the  larger  valleys,  and  along  most  of  the 
coast  line,  have  resulted  from  material  washed  down  from  the 
hills  and  deposited  along  the  level  stretches  near  the  sea. 
Much  of  the  soil  of  the  more  northern  states  has  been  brought 
down  from  Canada  by  the  movement  of  ice  along  the  surface. 

This  breaking  down  of  the  rocks  and  formation  and  moving 
of  the  soil  has  taken  a  long  time;  but  this  work  is  yet  going 
on,  and  the  exposed  rocks,  boulders  and  ledges  in  our  fields  and 
mountains  are  yearly  being  attacked  by  the  different  forces, 
and  are  slowly  yielding  up  material  to  help  replenish  the  older 
soil.  Different  natural  and  artificial  processes  are  also  going 
on  in  the  soils  that  may  either  improve  or  injure  them.  Most 
of  these  processes  can  be  controlled  by  man  and  made  to  be  his 
servant,  so  that  he  can  become  a  great  factor  in  the  formation 
of  profitable  soil. 
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The  breaking  down  of  the  original  rocks  has  been  accom- 
plished by  very  simple  means,  the  action  of  which  has  been  very 
powerful. 

Work  of  the  Atmosphere. — Everyone  knows  how  a  piece  of 
iron  is  attacked  and  falls  into  a  powdery  iron  dust,  which  is 
nothing  but  iron  combined  with  oxygen  taken  from  the  air  to 
form  a  different  substance  called  iron  oxide.  The  oxygen, 
carbon  dioxide  and  other  gases  of  the  air  attack  the  iron,  lime 
and  other  elements  in  the  rocks,  forming  new  substanctts  and 
causing  the  particles  to  tall  apart,  as  is  the  case  of  the  iron 


EFFECT  OF  WIND  ACTION  ON  ROCKS 

rusting.  Rocks  are  also  carved,  eroded  and  worn  away  by  the 
cutting  and  sawing  action  of  the  wind,  especially  when  it  carries 
with  it  any  considerable  amount  of  dust  or  sharp  sand  particles. 
In  this  M-ay  large  rocks  are  sometimes  entirely  worn  away.  In 
some  localities  in  this  country  the  sand  is  swept  across  the  level 
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stretches  so  severely  as  to  smooth  off  the  rough  places  on  brick 
walls,  and  to  scar  the  glass  in  windows. 


LtUB  STONE  AFTER  HKOSION 

The  Part  Played  by  Water. — Much  rock  material  is  slowly 
dissolved  out  and  carried  away  by  rain  water.  This  is  usually 
carried  long  distances  before  being  thrown  back  into  a  solid 
state  by  the  evaporation  of  the  water,  or  by  coming  into  con- 
tact with  some  other  substance  that  causes  it  to  be  precipitated. 
Often  this  reforms  into  another  rock  that  may  be  harder  than 
the  original  one. 

A  much  greater  effect  of  water,  however,  is  in  the  formation 
of  ice,  which  expands  and  acts  as  a  powerful  wedge  in  splitting 
off  small  fragments.  You  will  often  notice  along  the  foot  of  a 
cliff,  or  at  the  base  of  a  large  rock,  a  mass  of  small  splinters  of 
stone  that  have  been  pried  off  the  parent  rock  in  this  way. 
Running  water  also  slowly  wears  away  even  the  hardest  rocks, 
reducing  their  close  material  into  finer  particles. 


ENTRANCE  TO  THE  GARDEN  OF  THE  GCmS 
A    BEAUnFUL  EXAMPLE  OF   EROSION 


RUNNING   WATER  SLOWLY   WEARING   AWAY   HARD  ROCK 
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Glaciation. — During  the  glacial  age  vast  sheets  of  ice,  carry- 
ing with  them  boulders  and  everything  else  that  was  movable, 
passed  over  much  of  the  United  States  and  Canada,  and  ground 


BOULDERS  WORN  SMOOTH  BY  GLACIAL  ACTION 

up  the  rocks  into  soil.  Large  areas  of  the  richest  soils  were 
formed  in  this  way.  Smaller  movements  of  ice  occurred  in 
the  valleys  of  the  Northwest  and  resulted  in  the  formation  of 
some  wonderful  soil  areas  there.  These  movements  of  ice 
leveled  down  the  rough  surfaces  of  mountain  ranges  and 
scoured  out  wide  valleys. 

Variations  of  Heat  and  Cold. — The  variations  of  tem- 
perature from  day  to  night  and  from  summer  to  winter  have 
also  been  busy  in  grinding  out  soil  meal.  When  it  is  warm 
the  rocks  expand  slowly,  and  contract  under  lower  temper- 
atures. The  different  minerals  in  the  rocks  expand  and  con- 
tract unequally,  causing  cracking  which  flakes  off  the  outside 
of  the  rock  and  permits  of  its  being  attacked  much  more  easily 
by  other  agents  of  destruction,  or  perhaps,  better  said,  of 
creation.  The  effect  of  these  changes  of  temperature  are  more 
noticed  in  some  of  the  higher  and  drier  regions  where  the  hot 
evening  gives  way  quickly  to  cold  night.  It  has  been  reported 
that  this  action  is  at  times  so  violent  as  to  split  large  pebbles  in 
half  so  quickly  that  a  noticeable  report,  like  the  bursting  of  a 
percussion  cap,  is  made. 


V  ERTICAL     FARMING 


ROOTS  OF  TREE    WIDENING   A   CRACK    IN    A   ROCK.      WHEN   GIVEN 

FISSURES  TO  GROW  THROUGH    ROOTS  WILL  PENETRATE  HARD 

MATERIAL  TO  GREAT  DEPTHS 

Plants  Render  Assistance. — Just  as  soon  as  a  little  powder 
is  formed  from  the  rocks  by  the  action  of  these  agencies,  minute 
plants,  some  of  which  can  be  seen  only  by  means  of  a  micro- 
scope, fasten  on  the  rock  meal  and  begin  to  grow.  As  they 
mature  and  die,  their  tiny  bodies  add  the  first  organic  matter 
to  the  newly  formed  soil  and  help  prepare  it  for  larger  and 
more  vigorous  plants.  The  study  of  this  action  is  very  inter- 
esting, and  a  short  search  into  any  stony  place  will  reveal  many 
examples.  Mats  of  short  moss  will  be  found  growing  on  what 
seem  absolutely  dead  and  impervious  stone.  Trees  can  be 
found  sending  their  roots  into  the  smallest  fissures  in  the  rocks 
and  bursting  them  wider.  It  is  a  hard  life  for  these  plants, 
and  their  growth  is  slow  and  stunted,  but  it  is  one  of  their 
missions  in  nature  and  they  go  on  with  the  heavy  work,  giving 
to  man  at  the  same  time  a  wonderful  revelation  of  what  he  can 
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accomplish  in  the  way  of  improvement  by  giving  cultivated 
trees  and  smaller  plants  a  suitable  place  to  grow,  rather  than 
force  them  to  combat  all  the  adversities  of  a  resistant  soil. 

Animals  Help. — Tiny  worms  and  bugs  soon  begin  to  burrow 
into  the  weaker  points  of  the  rocks,  and  as  the  work  goes  on 
much  larger  cousins  follow  them.  Their  action  is  to  open 
channels  through  which  water  can  reach  more  effectively  the 
harder  rock  within.  They  also  do  large  amounts  of  grinding 
and  mixing  on  their  own  part.  Their  excretions  and  their  dead 
bodies  add  more  organic  matter  to  the  soil  and  help  pave  the 
way  for  a  good  garden  or  a  fruitful  field. 


SOIL  GROUND  AND  MIXED  BY  ANTS 

Each  Force  Helps  the  Others, — These  forces  in  their  slow 
work  of  grinding  up  the  rocks  into  earth  meal  do  not  work 
separately,  but  each  helps  the  other.  When  one  worker  has 
opened  a  way  into  the  rock,  his  success  is  immediately  fol- 
lowed by  activities  on  the  part  of  the  others.  The  roots  and 
worms  open  channels  to  permit  the  entrance  of  more  water, 
which  may  mean  more  freezing  and  more  cracking,  and  there  is 
more  room  for  roots.  An  expansion  crack  works  the  same 
way.  The  pits  made  in  the  face  of  the  rock  by  the  action  of 
the  air  make  suitable  homes  for  the  mosses  and  other  plants. 
It  is  a  big  job,  and  the  work  is  accomplished  only  by  all  hands 
keeping  busy. 
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The  Ponnatioii  of  Humus. — The  rock  powder  or  meal  does 
not  of  itself  make  a  desirable  soil,  and  other  matter  must  be 
added.  Microscopic  plants  must  flourish  to  help  in  the  work  of 
crop  production ;  water  must  be  present,  and  as  a  rule,  the  more 
humus  the  better  the  crops.  This  humus  is  not  a  strange  sort 
of  stuff  at  all,  as  it  is  only  rotten  trash  from  dead  plants  or 
animals.  Mention  has  already  been  made  of  how  its  first  start 
is  made.  This  is  later  augmented  by  the  growth  of  larger 
plants  which  have  more  leaves,  twigs  and  roots  to  rot.  In 
increasing  the.  amount  of  humus  in  a  soil  the  work  of  man, 
when  intelligently  applied,  can  be  made  to  do  wonders. 


GREEN   MANURE  CROP  FOR  INCRE.451NG  HUMUS 

How  Soils  are  Moved. — After  the  agencies  just  described 
have  ground  out  the  rock  powder,  nature  keeps  right  on  at 
work  in  moving  and  sorting  out  the  soil  particles.  This  work 
is  done  by  the  action  of : 

Gravity. — The  soils  formed  on  the  mountains  and  cliffs  fall 
to  the  base  forming  a  heap  of  debris  which  is  called  "tallus." 
Where  the  slope  is  steep,  this  falling  is  immediate;  but  where 
the  land  is  more  level,  the  movement  is  slower  and  is  more  of  a 
slide  than  a  fall.  Gravity  is  ever  at  work  moving  soils  from 
high  to  low  levels. 


VERTICAL    FARMING 


THE  MOVEMENT  OF  SOIL  FORMING  MATERIAL  BY  GRAVITY. 

Water, — Every  drop  of  water  that  falls  on  the  earth  can 
move  a  particle  of  soil  at  least  a  little  distance.  These  drops 
of  rain  run  together  to  form  rivulets,  each  with  its  little  load 
of  soil.  Rivulets  meet  to  form  streams,  and  these  join  to  form 
creeks,  and  the  creeks  unite  to  form  rivers.  A  creek  or  river 
in  flood-time  is  a  stream  of  soil  moving  down  from  the  factory 
to  be  spread  out  over  distant  valleys  and  plains,  or  to  fill  up  the 
bottom  of  the  sea  so  that  it  can  finally  be  used  by  man  to  grow 
food  and  raiment. 

Glaciers.^The  great  sheets  of  ice  that  have  already  been 
described  moved  great  distances,  and  carried  with  them  large 
amounts  of  soil  and  soil  material.  Some  of  them  moved  from 
Canada  into  what  is  now  the  United  States,  and  brought  fertile 
material  far  within  our  borders  to  make  some  of  the  richest 
land  in  the  world. 

Winds. — The  housekeeper  knows  how  fast  dust  accumu- 
lates over  everything,  and  how  it  thickens  on  furniture  and 
carpets  if  left  undisturbed  for  even  a  short  time.    The  winds 
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have  been  busy,  not  for  days  but  for  centuries  untold,  picking 
up  soils  in  one  place  and  dropping  them  in  another — sorting 
and  arranging  them  until  it  is  probable  that  any  given  section 
of  land  anywhere  contains  particles  contributed  by  every  other 
section  in  that  district. 

Residual  Soils. — Not  all  soils  are  moved  in  these  ways.  In 
places,  sometimes  large,  sometimes  small,  the  original  rocks  of 
the  locality  have  weathered  down  into  soils  that  remain  just 
where  they  were  formed.  These  are  known  as  "  residual  soils,'* 
and  embrace  a  great  variety,  some  of  which  are  fertile,  while 
others  are  not  so  well  favored.  The  proportion  of  residual  soils 
to  transported  soils  varies  greatly  in  the  different  parts  of  the 
world. 

Some  of  the  Physical  Characteristics  of  Soils. — Soils  have 
a  number  of  marked  physical  characteristics,  some  of  which  are 
of  interest  only  to  the  exact  scientist,  but  many  of  these  char- 
acteristics are  of  the  greatest  interest  to  the  poorest  farmet*. 
The  greatest  advances  made  in  the  Science  of  the  New  Agri- 
culture have  been  due  to  the  study  of  these  physical  character- 
istics of  soils,  and  the  application  of  the  discoveries  along  this 
line  have  tended  toward  a  better  and  more  profitable  agriculture. 

Soil  Texture. — One  of  the  most  noticeable  differences  in 
soils  is  the  variations  in  the  size  of  the  grains  of  rock  powder  of 
which  they  are  made.  The  fineness  of  a  soil  is  spoken  of  as  its 
"  texture.'*"  The  sizes  of  grains  most  discussed  and  best  under- 
stood both  by  the  studeut  and  farmer  are:  clay,  silt,  sand, 
and  gravel.  It  is  well  known  that  sand,  loam,  and  clay  soils 
will  not  raise  the  same  crops  equally  well.  There  are  good 
reasons  for  this.  In  a  sandy  soil  the  particles  are  relatively 
large  and  do  not  pack  so  closely  together.  No  matter  how 
tightly  packed  a  soil  may  be,  there  are  always  small  openings 
and  cavities  between  the  particles.  These  are  called  **  pores." 
The  sandy  soils  do  not  pack  so  closely  together  as  do  the  clays, 
and  the  pores  are  therefore  larger  and  permit  a  much  easier 
movement  of  water  and  air  in  the  soil.  The  clay  soils  pack 
more  closely  together  and  reduce  the  size  of  the  pores  so  that 
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both  the  water  and  air  move  more  slowly.  The  silts  and  loams 
are  intermediate  between  the  sands  and  the  clays.  Loam  soils 
are  made  up  of  mixtures  of  fine  and  coarse  soil  particles.  If 
the  loam  carries  a  large  percentage  of  sand  it  is  known  as  a 
sandy  loam ;  if  the  clay  particles  predominate  in  amount,  it  is 
known  as  a  clay  loam.  The  presence  of  gravel  among  the  other 
particles  materially  affects  the  texture  of  a  soil  and  often  the 
fertility  as  well.  When  a  considerable  amount  of  these  particles 
are  present  in  a  loam  soil  it  is  usually  called  a  gravelly  loam,  the 
difference  in  clay  and  sand  being  maintained  as  before.  The 
intermediate  textures,  such  as  fine  sandy  loam,  silt  loam,  and 
the  lighter  clay  loams  are  usually  considered  the  best,  as  they 
tend  to  be  light,  well  drained  and  easily  cultivated. 


^ 


COMPARATIVE  SIZES  OF  SAND  AND  CLAY  PARTICLES    (ENLARGED) 

When  the  percentage  of  fine  gravel  and  coarse  sand  is  high, 
the  soil  is  likely  to  be  too  loose,  too  easily  drained,  and  not 
likely  to  withstand  drought  well.  Such  a  soil,  especially  in  the 
rainy  regions,  is  likely  to  be  deficient  in  one  or  more  of  the 
chemical  elements  needed  for  the  production  of  plants.  Where 
the  percentage  of  fine  silt  and  clay  is  high,  the  soil  is  likely  to 
be  cold,  heavy,  and  sour.  Such  a  soil,  unless  well  tilled  to  con- 
siderable depths,  resists  the  ready  movement  of  air  and  moist- 
ure. 

Soil  Structure. — Another  important  physical  characteristic 
of  soils  is  the  way  the  particles  arrange  themselves  as  they  lie 
in  the  field.  A  coarse  sand  is  found  to  have  every  particle 
lying  separate,  and  alone  with  no  attachment  to  the  particles 
which  it  touches,  unless  they  are  cemented  together  by  excesses 
of  lime  or  similar  substances.    The  clay  in  a  path  will  be  found 
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to  have  its  particles  arranged  in  much  the  same  way  as  the  sand, 
with  the  important  exception  that  each  is  pressed  close  to  its 
neighbor  and  bound  there  by  cohesion,  by  adhesion,  by  some 
other  substance  present,  by  interlocking  comers  of  the  parti- 
cles, or  by  other  means.    When  such  a  soil  is  disturbed  it  does 
not  fall  apart  like  sand,  but  remains  in  close,  hard  lumps  or 
clods.     In  these  soils  we  have  the  extremes  of  structure — the 
open  structure,  or  the  individual  grain  and  the  dense  structure 
or  arrangement  of  the  pubbled  soil.    A  well- 
tilled  plat  of  clay  or  loam  will  be  found  to 
have  an  entirely  different  structure.    Here 
the  fine  particles  of  clay,  silt  and  sand  are 
bound  together  in  little  groups  or  crumbs. 
These  crumbs  or  granules  can  be  easily  de- 
tected by  picking  up  a  handful  of  the  soil  and 
gently   breaking   it   apart.     These  crumbs  diagram  of  soil 
lie  close  against  other  crumbs,  but  unless         gr.^nules 
poorly  handled  in  cultivating  they  do  not  be- 
come sealed  together.  This  is  the  ideal  structure  of  a  soil,  and  it 
is  toward  the  formation  of  such  granules  that  we  should  direct 
our  attention,  especially  in  the  heavier  soils.    When  such  a  soil 
is  cultivated  wet,  the  pressing  action  of  the  plow  or  harrow 
tends  to  force  the  particles  closer  together  and  to  form  the 
undesired  puddled  structure;  but  if  the  moisture  content  is  just 
right,  the  same  plowing  will  tend  to  make  the  granulation  still 
better.     Additions  of  humus  material,  and,  on  some  soils,  of 
lime,  help  also. 

Such  a  crumb  structure  in  a  soil  brings  about  most  of  the 
benefits  and  advantages  of  both  a  sand  and  a  clay.  It  drains 
well,  and  because  of  its  open  structure  warms  up  well  in  the 
spring.  The  openness  permits  easy  and  good  plowing.  The 
fine  particles  absorb  and  hold  the  large  amount  of  water  needed 
for  the  crop,  and  if'  properly  cultivated  to  preserve  this  moist- 
ure, will  tide  heavy  crops  over  longer  periods  of  rainless  times. 
Another  great  advantage  of  the  crumb  or  open  structure  of 
clay  and  loam  soils  is  that  they  allow  the  roots  to  grow  quickly 
to  great  depths.    This  affords  the  plant  a  much  larger  amount 
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of  soil  from  which  to  draw  moisture  and  food,  and  consequently 
yields  heavier  crops.  In  another  paper  the  good  effects  of  this 
open  structure  on  heneficial  bacteria  will  be  pointed  out. 

Hardpan  and  Plow  Soil. — Another  soil  structure  that  needs 
attention  is  hardpan.  Sometimes  this  is  simply  the  tight  pud- 
dled clay  that  has  already  been  described ;  and  sometimes  it  is 
clay,  silt  or  sand  that  has  been  cemented  together  by  some 
chemical  or  mineral  substance  in  the  soil,  or  by  the  soil  particles 
themselves  being  so  tightly  pressed  together  that  they  prevent 
the  movement  of  water  and  air,  and  retard  the  growth  of  roots. 
One  kind  of  hardpan  is  called  plow  sole,  and  is  found  just  at 
the  bottom  of  the  plowed  furrow  where  the  slide  of  the  plow 
has  been  for  years  packing  down  the  soil  just  where  it  needs  to 
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be  opened.  The  relief  from  such  conditions  is  found  in  deep 
cultivation  that  will  crack  the  material  to  pieces  and  permit 
good  drainage  where  it  is  bad.  This  breakfng  must,  of  course, 
be  deep  enough  to  reach  the  seat  of  the  trouble.  Any  adverse 
conditions,  such  as  an  excess  of  alkali  or  a  lack  of  lime,  should 
be  immediately  corrected. 

Soils  and  Subsoils. — By  soil  we  mean  the  surface  as  con- 
trasted with  the  lower  stratum  of  subsoil.  Ordinarily  they  have 
come  from  the  same  source,  and  at  times  are  ^o  much  alike  that 
it  is  hard  to  distinguish  between  them.  This  is  particularly 
true  in  the  semi-arid  regions,  and  in  the  deep  aluvial  belts. 
Usually  there  is  a  difference  in  texture,  structure,  and  color. 
The  soil  has  been  well  weathered  and  has  undergone  changes 
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that  will  permit  the  giving  up  of  its  mineral  plant  foods  to  the 
roots  of  plants.  These  changes  have  gone  on  more  slowly  in 
the  stiff er  subsoils,  and  much  of  the  mineral  substances  have 
not  been  acted  upon  sufficiently  by  the  air  and  by  bacteria  to 
give  up  the  needed  foods.  Deep  cultivation  and  the  use  of 
explosives  open  up  these  soils  to  the  action  of  the  air  and  other 
agencies  so  that  these  foods  may  be  prepared  for  the  roots,  and 
increased  fertility  and  greater  returns  in  crops  are  the  result. 

Soil  Areas,  Series,  and  Names. — The  soils  of  the  United 
States  are  classified  into  thirteen  subdivisions  called  *'  Soil 
Provinces,'*  or  regions,  according  to  the  essential  geographic 
features,  such  as  the  Atlantic  and  Gulf  Coastal  Plains  Province, 
the  Appalachian  Mountain  and  Plateau  Province,  the  Great 
Plains  Region,  the  Arid  Southwest  Region,  and  the  Pacific 
Coast  Region.  The  soils  of  a  province  are  classified  in  soil 
series.  The  soils  in  a  series  have  the  same  range  of  color,  same 
general  character  of  subsoil,  a  common  or  similar  origin,  about 
the  same  structure,  and  broadly,  the  same  type  of  relief  and 
drainage.  The  soil  series  are  divided  into  individual  soils,  which 
generally  receive  local  names,  as:  Portsmouth  Sandy  Loam, 
which  is  found  in  several  states  from  Delaware  to  Mississippi ; 
Vermont  Silt  Loam,  of  Kansas  and  Texas ;  and  the  San  Joaquin 
Fine  Sandy  Loam,  of  the  Pacific  Region.  A  soil  class  includes 
all  the  soils  having  the  same  texture,  and  are  called:  sands, 
loams,  clays,  fine  sandy  loams,  clay  loams,  clay  loam  adobe,  or 
such  other  combination  of  descriptive  words  as  best  fits  the 

peculiarity  of  the  soil. 

* 

Maps  of  the  soil  surveys  of  the  various  provinces,  and 
descriptions  of  the  series  and  individual  soils  of  the  surveyed 
areas  will  be  found  in  the  annual  reports  of  the  U.  S.  Bureau 
of  Soils,  and  may  be  consulted  at  the  larger  public  libraries;  or 
if  a  particular  county  has  been  mapped,  the  report  on  it  can  be 
gotten  from  the  U.  S.  Department  of  Agriculture. 

Chemistry  of  the  Soil. — While  it  is  true  that  the  productive- 
ness of  a  soil  depends  more  on  its  physical  character  and  con- 
dition than  upon  its  chemical  composition,  yet  the  chemical  ele- 
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metits  are  of  great  importance  and  must  be  taken  into  consider- 
ation. Many  chemical  elements  are  needed  for  the  production 
of  a  plant,  but  it  is  seldom,  with  the  exception  of  potash,  lime, 
phosphorus,  or  nitrogen,  that  any  of  these  is  not  present  in 
sufficient  amounts.  AH  of  these  except  the  last  named  occur  in 
many  rocks,  and  are  therefore  found  in  the  soils  in  varying 
amounts.  When,  on  a  particular  soil,  one  or  more  of  these  is 
absent  or  deficient,  it  is  necessary  to  add  it  in  some  form  of 
fertilizer  or  manure. 

The  soil  particles  may  not  be  weathered  enough  to  make  these 
minerals  available,  or  there  may  be  little  in  the  surface  soil  and 
more  in  the  subsoil.  In  either  case  the  soil  is  improved  and 
the  plant  food  brought  within  the  reach  of  the  crop  by  breaking 
and  stirring  up  the  land  with  explosives. 

Fertilization  and  Chemical  Correction. — In  addition  to  the 
proper  physical  condition,  it  is  necessary  to  have  the  chemical 
condition  of  a  soil  well  regulated  in  order  that  we  may  get  the 
proper  returns  from  our  labor.  Some  foods  may  need  to  be 
added  to  the  soil,  or  it  may  be  essential  that  a  harmful  sub- 
stance be  removed  or  neutralized.  This  work  will  be  considered 
in  a  following  chapter. 
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QUESTIONS 

1.  Describe  the  formation  of  one  type  of  soil  not  made  from 

rock  particles. 

2.  Does  the  action  of  the  air  always  soften  freshly  exposed 

rocks  ? 

3.  Name  the  forces  that  have  been  most  effective  in  forming 

the  soils  in  your  vicinity. 

4.  By  what  agencies  have  your  soils  been  moved? 

5.  Is  the  typical  soil  of  your  farm  finer  or  coarser  than  the 

underlying  subsoil  ? 

6.  Can  a  mixture  of  coarse  sand  and  clay  become  as  tightly 

compacted  as  a  dense  clay  ? 

7.  What,  in  detail,  are  the  processes  in  the  formation  of  plow 

sole  on  your  typical  soils  ? 

8.  Why  are  arid  soils  less  troubled  with  shortages  of  plant  food 

than  humid  soils? 

9.  What  physical  characteristic  of  your  soils  lends  itself  most 

readily  to  improvement  ? 
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PART  II 

Fertilizers  and  the  Chemical  Properties 

of  the  Soil 

HOW  PLANTS  FEED 

The  fertility  of  a  soil  is  its  ability  to  produce  crops.  It  is 
not  one  condition,  or  two  or  three  conditions,  but  the  sum  of  all 
conditions.  It  does  not  consist  simply  in  hauling  manures  or 
buying  chemicals.  It  means  that  the  water,  air,  temperature, 
soil  bacteria,  tilth,  and  plant  food  or  soil  solution  exist  in  the 
right  conditions  and  proper  balance  as  well  as  in  proper  amount. 
It  is  possible  for  seed  to  3prout,  the  crop  to  grow  and  ripen,  and 
the  yield  to  be  the  best  only  when  all  these  conditions  are  ful- 
filled. Mere  richness  in  mineral  foods  avails  nothing  if  water 
is  lacking  to  maintain  a  large  amount  of  soil  solution  for  the 
roots  to  absorb.  The  plant  food  may  be  there  but  may  not  be 
soluble  and  cannot  be  absorbed.  It  may  be  soluble,  but  in  a 
form  distasteful  to  and  therefore  rejected  by  the  roots. 

All  soils,  even  those  considered  poor,  contain  vast  amounts 
of  plant  food  that  is  not  naturally  available,  but  which  can  be 
converted  into  an  available  form.  In  such  a  case  the  problem 
is  one  of  condition  and  not  one  of  total  content.  A  worn  out 
soil  is  often  only  an  unsanitary  one  and  can  be  rebuilt  to  a  high 
state  of  productivity  by  proper  cultural  methods. 

Chemical  Properties  of  the  Soil. — While  hundreds  of  min- 
erals are  known  to  science,  only  a  few  are  used  in  nature  in 
forming  the  common  rock  from  which  most  soils  are  derived. 
The  more  important  of  these  to  the  farmer  are  potash,  phos- 
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phorus,  and  lime,  as  these  are  at  times  deficient  or  else  appear 
to  be  deficient.  Such  elements  as  iron,  aluminum,  and  silica 
may  be  ignored,  as  they  are  nearly  always  present  in  sufficient 
quantity  to  more  than  supply  any  demand  made  on  them. 

For  most  agricultural  conditions  it  is  almost  imperative  that 
the  soil  be  not  acid.  The  chief  corrective  for  a  sour  condition 
is  lime,  which  is  usually  present  in  sufficient  amounts  for  a 
food,  but  in  many  soils  is  needed  to  overcome  the  sour  condi- 
tions produced  by  vegetable  decay  or  bad  drainage.  It  may  be 
added  in  several  different  forms.  At  present,  carbonate  of 
lime  or  finely  ground  limestone  or  marble  dust  is  largely  used 
for  this  purpose.  This  form  is  preferred  by  many  on  account 
of  there  being  no  danger  of  trouble  from  an  over-application. 
Hydrated  lime  is  also  largely  used,  as  is  rock  or  quick  lime.    In 
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using  the  last  named  form,  care  must  be  exercised  to  prevent  a 
heavy  application  from  burning  the  organic  matter  or  humus 
out  of  the  soil.  Ground  or  burned  sea  shells  are  also  extensively 
used  and  make  an  excellent  form  of  agricultural  lime.  Gypsum 
is  used  under  certain  conditions.  Lime  also  has  a  material 
effect  on  the  structure  of  the  soil,  especially  when  it  has  a 
tendency  to  be  sour,  by  causing  it  to  granulate  better,  thereby 
increasing  its  power  to  absorb  and  hold  water.  Especially  in 
the  east  and  southeast  the  use  of  lime  is  imperative  for  the  best 
success  in  growing  alfalfa  and  certain  other  legumes.  The 
cow  pea  seems  to  resist  a  sour  condition  in  the  soil  remarkably 
well.  Lime  also  helps  somewhat  to  liberate  potash  from  resist- 
ant minerals.  Salt  is  sometimes  used  for  the  same  purpose. 
The  growth  of  nitrogen  fixing  bacteria  is  greatly  stimulated 
when  lime  is  added  to  make  up  any  deficiency  that  may  exist  in 
the  natunil  soil. 

Potash  is  a  highly  essential  plant  food.  It  exists  naturally  in 
most  soils  and  in  some  of  them  is  found  in  lai^e  amounts.  In 
some  soils,  notably  coastal  plains  sands,  it  is  present  in  but 
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small  amounts  and  must  be  added  artificially.  Considerable 
amounts  are  found  in  natural  manures,  but  the  great  supply  is 
imported  into  this  country  from  Germany. 

Phosphorus  is  also  present  in  most  normal  soils,  but  the  per- 
centage is  small  in  some  of  the  most  valuable  soil  provinces  of 
the  country  so  that  it  must  be  added  artificially.  Large  amounts 
of  phosphate  rock  are  mined  in  this  country.  The  rock  may  be 
ground  and  added  to  the  soil  in  the  form  of  a  fine  powder,  pro- 
vided the  soil  has  a  good  supply  of  organic  matter.  If  this 
organic  matter  is  deficient  and  the  soils  are  thin,  the  best  results 
are  reported  from  the  use  of  acid  phosphate  which  is  the  phos- 
phate rock  after  it  has  been  treated  with  sulphuric  acid.  Large 
amounts  of  phosphorus  are  used  in  the  form  of  slag  and  bone 
products.  The  United  States  is  more  than  self-sustaining  in 
the  supply  of  phosphates  and  export  large  amounts  annually. 

Another  of  the  important  elements  is  nitrogen,  which  is  found 
in  the  form  of  nitrates  in  some  of  the  desert  regions.  In  this 
form  it  is  very  soluble  and  is  washed  out  of  the  soil  by  rains.  It 
is  found  in  normal  agricultural  soils  in  varying  amounts,  but  is 
often  in  too  small  quantities.  Commercially  it  is  obtained  from 
fish  and  packing  house  scrap,  from  cotton  seed,  from  nitrate  of 
soda  imported  from  Chili,  and  from  the  air.  Nitrogen  is  a  gas 
and  makes  up  the  larger  part  of  the  air,  from  which  it  may  be 
taken  in  large  amounts  by  certain  bacteria  growing  on  the  roots 
of  legumes  and  by  other  microscopic  plants  working,  alone. 
Further  mention  will  be  made  of  this  later. 

How  Plants  Feed. — Plants  feed  by  absorption  through  the 
roots  and  by  inhaling  the  air.  When  a  plant  is  burned,  most 
of  its  weight  is  lost  in  the  form  of  gases  and  but  a  small  part 
is  left  as  ash.  The  ash  contains  the  mineral  matter  which  came 
originally  from  the  breaking  up  of  the  soil  minerals,  or  was 
added  as  a  fertilizer.  The  rest,  or  the  part  that  was  lost  in  the 
gas  is  made  up  of  carbon,  hydrogen,  oxygen,  and  nitrogen.  The 
carbon  is  taken  in  through  the  leaves  from  the  carbonic  acid  gas 
of  the  air.  The  hydrogen  and  the  rest  of  the  oxygen  are  taken 
in  through  the  roots  in  the  form  of  water,  and  the  nitrogen  is 


VERTICAL     FARMING 


23 


derived  from  the  soi!  where  it  may  have  accumulated  from  arti- 
ficial supplies,  from  the  action  of  bacteria,  or  from  the  decay 
of  organic  matter.  The  relative  amounts  of  these  elements 
demanded  by  different  plants  varies  considerably,  as  some  re- 
<|uire  a  large  supply  of  one  food  element  while  others  can  grow 
well  with  much  less  of  it. 

Only   the  root  hairs,   the  most   delicate  '" 

part  of  the  root  system,  can  absorb  foods. 
These  are  tiny  threads  growing  out  from 
the  roots  just  back  of  the  tiny  feelers  or 
root  tips  that  thrust  themselves  through  the 
soil.     The   walls  of  these   root   hairs  are 
very  thin  and  absorb  the  soil  solution  direct 
as  they  lie  in  close  touch  with  the  soil  par- 
ticles covered  with  their  thin  coat  of  "  Min- 
eral Soup."    These  dissolved  mineral  foods 
then  pass  on  into  the  circulating  system  of 
the  plants  as  sap,  and  are  carried  up  to  the 
leaves.     The  sap  in  conjunction  with  the 
carbonic  acid  taken  in  by  the  leaves  then 
forms  the  starch,  sugar  and  similar  com- 
pounds of  the  plant  and  the  excess  of  water 
is  lost  through  the  leaves.    The  amount  of 
water  evaporated  in  this  way  is  enormous. 
It  has  been  found  on  experimentation  that 
it  requires  from  200  to  more  than  600  pounds 
of  water,  passing  through  a  plant  in  this 
way,    to   make    one   pound   of   dry   crop. 
These  large  amounts  of  evaporated  water        root  hairs 
show  how  necessary  it  is  to  keep  the  soil  in 
such  a  condition  that  it  will  absorb  the  maximum  amount  of 
rainfall  and  hold  it  to  supply  the  growing  crop.     It  is  also 
necessary  that  these  tiny  root  hairs,  that  are  so  small  that  it 
would  take  300  or  more  laid  side  by  side  to  cover  an  inch  in 
width,  be  able  to  creep  and  grow  always  deeper  and  further 
into  the  soil,  unhindered  by  impacted  soil,  hardpan,  or  other 
obstructions. 
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The  roots  do  not  reach  down  to  all  of  the  water  they  use. 
Some  of  It  is  pumped  up  to  them  as  oil  rises  in  a  lamp  wick,  by 
capillary  action.  This  rise  is  much  faster  in  well  granulated 
soils  than  in  hardpan  or  tight  clay.  It  is  evident,  therefore, 
that  no  method  of  cultivation  can  reach  down  deep  enough  to 
overcome  the  difficulties  of  feeding  roots  except  blasting  the 
subsoil  with  explosives. 

Unavailable  Plant  Foods. — ^Attention  has  already  been 
called  to  the  large  amounts  of  mineral  plant  food  bound  up  in 
insoluble  minerals,  and  to  the  enormous  amount  of  the  highest 
priced  plant  food  (nitrogen)  that  is  present  in  the  air  but  not 
directly  available  to  the  field  crops  as  food.  The  changes  that 
some  of  these  must  undergo  in  order  that  they  can  nourish  the 
roots  are  chemically  very  complex,  but,  in  the  practice  of  the 
art  of  farming,  can  be  well  controlled.  The  nitrogen  must  be 
combined  with  oxygen.  This  change  is  most  effectively  brought 
about  by  a  certain  group  of  bacteria  which  grows  in  knots  on 
the  roots  of  peas,  beans,  clovers,  alfalfa,  and  kindred  plants. 
They  breathe  in  the  free  nitrogen  gas  and  combine  it  with  other 
elements  in  such  a  way  that  large  amounts  are  fixed  and  held 
in  the  soil  in  a  combined  form  that  is  very  nourishing  to  suc- 
ceeding crops  and  also  to  the  crop  with  which  they  grow.  Other 
forms  of  organisms  accomplish  the  same  purpose,  working 
without  the  assistance  of  the  leguminous  associates.  Both  forms 
require  certain  well  defined  conditions  in  which  to  work.  Each 
of  these  is  so  essential  that  it  would  be  hard  to  name  the  more 
important  one.  The  soil  must  be  well  drained  so  that  there  is 
no  clogging  up  of  the  soil  pores  with  water,  but  at  the  same  time 
the  soil  must  be  moist.  The  soils  must  also  be  warm,  for  the 
activities  of  these  wonderful  little  farmers'  aids  are  retarded  if 
stopped  by  frost.  Large  supplies  of  air  are  equally  essential. 
As  most  of  these  conditions  attend  a  deep  tilled  soil,  it  might  be 
said  that  the  beneficial  bacteria  of  the  soil  are  all  deep  tillage 
enthusiasts.  They  are  found  at  considerable  depths  in  the 
porous  types  of  soil,  but  cannot  live  much  -below  the  surface  in 
tight  clays  and  hardpan.     They  also  keep  busy  on  insoluble 
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THE  DEEPER  PLANT  FOOD  MIGHT  JUST  AS  WELL  BE  IN  EUROPE  FOR 
ALL  THE  ATTENTION    THAT   IS   USUALLY   GIVEN    IT 
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forms  of  combined  nitrogen  that  may  be  added  to  the  soil,  and 
convert  it  into  usable  forms. 

Soil  changes  also  materially  affect  the  availability  of  phos- 
phate material.  In  nature  it  is  always  combined  in  slowly 
soluble  compounds.  In  commercial  fertilizers  it  is  usually  com- 
bined with  lime.  Different  relations  in  the  amount  of  lime  to 
the  phosphorus  effect  the  solubility  of  the  phosphorus.  In 
badly  drained  land  the  phosphorus  is  often  found  combined 
with  iron  in  little  balls  of  "  bog  ore  "  that  are  very  insoluble. 
Many  other  examples  of  combinations  of  plant  foods  could  be 
brought  out  going  further  to  show  how  the  air,  water  and 
bacteria  assist  the  changes.  In  every  case  the  benefits  brought 
about  demand  deep  stirring  of  the  soil,  such  as  is  produced  by 
exploding  small  charges  of  slow  powders  in  the  subsoil  and 
opening  a  way  for  the  liberators  of  plant  food.  No  other 
practical  method  can  bring  about  the  desired  results. 

Deficient  Plant  Food. — If  the  rocks  from  which  a  soil  is 
derived  are  deficient  in  any  needed  food,  it  becomes  imperative 
sooner  or  later  to  add  some  material  that  will  make  up  the 
deficiency.  The  original  and  best  general  fertilizing  material 
is  manure,  as  it  adds  not  only  certain  amounts  of  plant  food, 
but  also  large  amounts  of  humus.  Forest  mould,  litter,  straw, 
and  other  materials  of  like  nature  add  some  of  the  fertilizing 
elements  and  also  humus.  The  number  of  materials  that  may 
be  used  to  add  plant  food  is  great.  Some  materials  carry  but 
one  needed  element,  while  others  carry  two  or  three.  There  can 
be  no  general  rule  promulgated  to  guide  in  choosing  fertilizers, 
as  different  soils  and  different  crops  demand  certain  chemicals 
in  different  forms. 

Soil  Amendment  or  Correction. — Some  soils  well  supplied 
with  mineral  and  organic  plant  foods  have  some  trouble,  such 
as  sourness  or  an  excess  of  alkali.  Materials  not  classed  as 
foods  are  used  in  the  correction  of  such  conditions.  These 
materials  are  generally  known  as  "  Soil  Amendments."  In  the 
correction  of  black  alkali,  gypsum  is  added  to  change  the  sodium 
carbonate  to  a  less  harmful  compound  which  can  more  readily 
be  leached  out. 
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The  other  great  amendment  is  lime,  the  chief  use  of  which 
has  been  described  in  the  correction  of  sour  or  acid  soils. 

Use  What  You  Already  Have. — From  the  foregoing  we  see 
that  there  are  supplies  of  practically  all  the  plant  foods  in 
normal  soils,  and  that  additions  of  fertilizing  materials,  while 
absolutely  essential  in  some  cases,  are  expensive.    Some  of  the 
.  foods  already  in  the  soil  are  not  in  the  form  needed  by  the  plant, 
but  can  be  changed  into  usable  forms  by  properly  controlled 
natural  agencies.    The  agencies  needed  for  these  changes  are 
always  at  their  best  under  certain  soil  conditions.     For  the 
different  changes  the  conditions  are  identical — a  moist  but 
well  drained  soil,  an  abundant  supply  of  air  in  the  soil,  the  pres- 
ence of  more  or  less  humus,  and  a  suitable  temperature.    To 
obtain  most  of  these  is  easy,  when  we  consider  only  the  soil,  as 
it  can  be  done  with  a  plow,  but  the  surface  is  not  half  of  the 
farm— we  want  to  use  several  feet  of  depth 
for  a  good  reservoir  for  moisture,  a  factory 
to  rework  and  prepare  the  foods,  and  a  good 
home    for  the   roots.     This   naturally   de- 
mands that  the  clay  or  hardpan  be  broken 
up.     The  plow  cannot   get   down   to  the 
trouble  and  there  is  but  one  other  agent  that 
can  do  the  work — a  reliable  low-freezing 
explosive. 

Making  Fertilizers  JAocc  Effective. — 
Heavy  applications  of  fertilizers  to  force 
bumper  crops  are  attended  with  certain 
dangers.  If  everything  goes  along  all  right, 
and  there  is  always  plenty  of  moisture  to 
dissolve  the  fertilizers  and  prevent  the 
soil  solution  from  becoming  too  rich,  the  desired  results  will  in 
all  probability  follow.  In  most  regions  where  such  fertilization 
is  practised,  such  constant  supplies  of  soil  moisture  are  not 
always  to  be  relied  upon.  The  result  is  that  when  the  young 
plants  get  vigorously  started  on  their  nourishing  ration  and 
then  meet  a  season  of  drouth  they  are  "  scorched  "  or  "  burned  " 
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by  the  too  concentrated  food,  and  are  left  in  worse  shape  than  if 
there  had  been  no  fertilization  and  they  had  been  forced  to  draw 
all  their  food  from  the  soil  minerals. 

Even  where  the  conditions  are  normal  rather  than  extreme, 
the  increased  growth  caused  by  the  fertilizer  calls  for  a  greater 
supply  of  moisture  to  support  the  enormous  loss  through  evapo- 
ration from  the  leaves,  and  the  fertilizer  has  in  no  way  met 
the  increased  demand  for  the  water.  The  correction  for  either 
condition  is  simply  the  prevention  of  excessive  amounts  of  the 
water  being  lost  by  drainage  and  holding  it  stored  in  a  deep 
tilled,  open  subsoil.  A  tight  subsoil  will  not  absorb  and  hold 
the  moisture  in  this  way  and  needs  the  welcome  relief  of  a 
small  amount  of  well  placed  explosive  to  shatter  and  open  the 
soil,  so  that  it  can  meet  the  demands  for  more  water. 


QUESTIONS 

1.  Name  in  full  the  conditions  necessary  for  heavy  yields  of 

your  money  crop. 

2.  What  fertilizing  material  is  lacking  in  your  soil,  and  in  what 

form  would  you  supply  the  deficiency  ? 

3.  Do  the  large  brace  and  tap  roots  of  plants  absorb  plant  food 

from  the  soil  ?    What  is  their  duty  ? 

4.  Will  a  large  tree  draw  most  of  its  food  from  the  ground 

immediately  around  the  stump  or  from  the  soil  further 
away? 

5.  What  is  the  source  of  the  most  used  chemical  fertilizer  in 

your  community,  and  how  is  it  prepared  before  being 
offered  for  sale? 

6.  What  effect  has  lime  on  clover  on  your  farm  ?    On  wheat  ? 

How  can  you  prove  your  statement  ? 

7.  Which  shows  wilt  first  during  a  season  of  slight  rainfall,  a 

heavy  or  light  crop?    Why? 
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PART  III 

Soil  Moisture 
ITS  CONTROL  AND  CONSERVATION 

Crops  must  have  sufficient  amounts  of  water  at  the  right 
time.  The  greatest  demand  for  water  is  often  during  the 
season  of  least  supply.  The  water  must  come  from  the  feeding 
zone  of  the  roots  within  the  soil.  No  phase  of  agriculture  is  of 
more  importance  or  worthy  of  more  study  than  how  to  main- 
tain an  adequate  supply  of  soil  moisture.  A  soil  may  be  rich 
in  plant  food  and  not  have  water  enough  to  dissolve  it  and  carry 
it  to  the  plant  roots.  Nothing  reduces  fhe  fertility  of  the  soil 
and  the  yields  of  farm  crops  in  the  United  States  annually  more 
than  the  lack  of  a  proper  supply  of  water  at  the  season  when 
the  crops  demand  it.  The  rainfall  may  be  deficient  or  too 
unevenly  distributed  so  that  the  farmer  is  forced  to  store  water 
somewhere  and  in  some  way.  There  are  few  sections  of  the 
country  where  this  is  not  necessary  ;  where  there  is  rain  enough 
during  the  growing  season  to  water  the  crops.  They  must  draw 
their  supplies  from  reservoirs  that  are  above  or  below  ground, 
and  the  best  of  all  is  utilizing  the  soil  itself  as  a  reservoir. 

Soil  Water  as  a  Plant  Food. — ^All  vegetable  matter  consists 
largely  of  hydrogen  and  oxygen,  which  elements  are  obtained 
from  the  soil  water  and  combined  with  other  elements  in  the 
plant  itself.  These  combinations  of  the  water  forming  elements, 
together  with  a  small  amount  of  carbon  from  the  air,  form  by 
far  the  greater  weight  of  domestic  plants  even  when  they  are 
thoroughly  dried.    Tt  is  the  water  used  as  food  that  makes  up 
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the  greater  part  of  all  the  starch,  sugar  and  other  similar  com- 
pounds so  valuable,  in  that  they  form  one  of  the  essential  parts 
of  the  foods  for  men  and  lower  animals. 

Water  as  a  Carrier  of  Plant  Food. — ^AU  of  the  plant  foods 
in  the  soil  have  first  to  be  dissolved  in  water  and  then  carried 
by  it  to  and  through  the  roots  and  up  to  the  above  ground  parts 
of  the  plant.  The  tiny  feeding  roots  must  be  immersed  in  the 
thin  film  of  water  that  clings  to  the  soil  particles.  The  soil 
solution  is  absorbed  into  the  rootlets  through  their  walls  and 
forced  upward  with  a  considerable  pressure.  This  can  easily 
be  noticed  by  cutting  off  a  rank  growing  weed  and  watching 
how  quickly  the  sap  is  thrown  up  over  the  newly  cut  stump. 
This  pressure  is  often  several  pounds  per  square  inch.  All  the 
water  that  is  not  combined  in  the  plant  as  a  part  of  it  is  thrown 
out  through  the  leaves,  this  process  being  called  "  transpira- 
tion." 

If  the  moisture  conditions  of  the  soil  are  good  and  water  is 
abundant,  transpiration  is  encounged  and  there  is  an  attending 
satisfactory  growth  of  crop ;  but  if  the  conditions  are  reversed, 
the  plant  growth  is  immediately  stunted  by  the  deficiency  in  the 
amount  of  the  essential  water. 

Amounts  Necessary  for  Crops. — Taking  crops  altogether, 
from  rice  to  date  palms,  the  amount  of  water  required  varies 
from  complete  submergence  to  almost  perpetual  drouth,  and 
within  this  range  crops  vary  widely  as  to  the  amount  necessary 
for  living.  As  a  rule  the  amount  is  large,  as  it  is  only  the  desert 
plants  that  thrive  on  a  scant  supply.  Take  a  small  potted  plant 
and  place  it  under  a  glass  jar  and  notice  how  soon  the  jar  is 
clouded  by  the  water  vapor  taken  up  from  the  soil  and  given 
off  through  the  leaves.  From  200  to  600  pounds  of  water  are 
transpired  by  ordinary  crops  for  every  pound  of  dry  matter 
produced,  but  this  varies  with  each  crop  according  to  the 
climate  and  other  factors  affecting  it. 

A  good  yield  of  pea  vine  hay  will  draw  1200  to  1500  tons  of 
water  through  its  roots  and  stems  and  liberate  it  in  the  air.  Corn 
and  cane  drew  .equally  heavily  upon  the  soil  supply  of  moisture. 
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The  water  required  by  a  field  of  any  of  the  ordinary  field  croj^s, 
if  spread  over  the  surface,  would  cover  it  to  a  depth  of  several 
inches,  sometimes  as  much  as  a  foot  or  more.  This  is  only  the 
water  used  by  the  plant  itself,  and  does  not  include  the  amount 
that  is  lost  by  being  evaporated  or  that  passing  too  deep  into  the 
soil  to  be  drawn  back  to  the  roots.  In  addition,  a  plant  cannot 
take  all  of  the  moisture  out  of  the  soil  in  the  range  of  its  roots. 
In  irrigated  districts  the  amount  of  water  applied  to  and 
absorbed  by  the  soil  often  reaches  an  amount  equal  to  three 
feet,  and  in  some  localitffes  more. 

This  water  used  by  the  plant  or  lost  by  evaporation  from  the 
soil  during  rainless  days  must  all  come  from  the  soil,  and  shows 
what  care  must  be  exercised  in  storing  and  holding  all  that  is 
possible. 

Water  and  Soil  Temperature. — ^A  uniform  soil  temperature 
is  essential  to  the  best  growth  of  crops,  and  a  soil  properly  sup- 
plied with  moisture  will  change  its  temperature  very  slowly, 
while  a  dry,  parched  soil  will  quickly  heat  up  during  the  day  and 
cool  oflF  again  as  rapidly  at  night,  and  the  crops  will  suffer 
accordingly.  Coarse  soils  retain  only  a  relatively  small  amount 
of  moisture  and  are  warm  and  early.  Fine  soils,  like  the  clays, 
retain  much  more  water  and  are  cooler  and  later  in  the  spring. 

Storing  Water. — ^Where  irrigation  is  practised,  reservoirs 
are  used  to  store  and  hold  water,  but  in  most  of  the  states  this 
method  is  inadvisable.  The  best  place  to  store  the  water  for 
use  in  time  of  drouth  is  in  the  soil  itself,  by  converting  the  sub- 
soil of  every  acre  into  its  own  reservoir.  This  large  storage 
may  be  assisted  and  encouraged  in  several  ways.  The  first  thing 
to  do  is  to  be  sure  to  get  the  rain  water  down  into  the  soil 
instead  of  allowing  it  to  be  wasted  by  running  off  on  the  sur- 
face, because  it  cannot  enter  a  hard  or  impacted  soil  readily,  if 
at  all.  Such  soils  may  be  found  to  be  dry  even  after  a  heavy 
rain.  In  "  dry  farming,"  and  also  in  farming  where  the  rainfall 
is  heavier,  some  practise  rough  plowing  before  the  seasons  of 
heavy  rain  to  increase  the  absorption  of  rain  water,  and  later 
harrow  or  drag  the  surface  to  form  a  mulch  and  prevent  loss 


VERTICAL    FARMING 


IRRIGATION   DAM — THE   EXPENSIVE   METHOD  OF  STORING  WATER 
FOR  PLANTS 

through  evaporation.  Where  this  practice  has  been  carefully 
followed,  good  has  resulted,  but  ordinarily  the  depth  to  which 
plowing  is  possible  is  insufficient  to  reach  the  zone  of  the  great- 
est trouble.  Others  have  gone  further  and  plowed  deeper,  using 
heavy  tractors  with  subsoil  plows.  The  results  obtained  have 
been  variable,  and  it  is  quite  evident  that  the  efforts  along  this 
line,  while  well  conceived  and  of  benefit,  have  fallen  short  of 
their  mark  by  not  disturbing  the  soil  to  a  sufficient  depth. 

In  most  cases  of  resistant  soils,  the  trouble  is  at  a  considerable 
depth,  in  fact,  below  the  depth  that  could  possibly  be  reached 
by  any  form  of  plow.  For  relief  then,  there  is  nothing  prac- 
ticable but  a  rational  use  of  a  subsoiling  explosive.  This,  like 
the  subsoil  plow,  is  used  when  the  subsoil  is  dry,  so  that  the 
force  of  the  explosion  will  shatter  and  pulverize  the  subsoil 
rather  than  pack  it  into  a  more  impervious  mass.  Usually  this 
is  in  the  late  summer  and  early  fall,  when  the  plants  have 
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pumped  all  of  the  available  water  out  of  the  soil.  This  season 
is  followed  by  the  fall  and  the  winter  rains  which  can  then 
find  their  way  deep  into  the  cracks  and  fissures  where  they  are 
absorbed  and  held  indefinitely  if  proper  care  is  given  to  the  sur- 
face. The  heavy  rains  following  such  a  shattering  of  the  sub- 
soil have  the  additional  advantage  of  resettling  any  parts  of 
the  soil  where  the  explosion  may  have  opened  it  up  too  much. 
In  the  spring  and  summer  following  such  a  soil  treatment,  the 
young  roots  find  an  easy  path  into  the  deeper  soil,  where  they 
can  continue  to  draw  their  full  ration  of  water  from  the  stored 
supply  and  thus  nourish  the  crop  during  long  seasons  of  drouth. 


SUBSOIL  SHATTERED  BY  A  BLAST — THE  CHEAP  WAY  OF  STORING 

WATER  FOR  PLANTS. 


Excesses  of  Water  Must  be  Drained  Away. — Field  plants 
will  not  grow  in  a  soil  saturated  with  water.  An  ample  supply 
is  necessary  and  must  be  maintained,  but  a  great  deal  depends 
on  how  the  supply  is  kept  up,  or  in  other  words,  on  the  moisture 
condition.  Land  animals  require  water  to  drink,  but  perish  if 
immersed  in  it,  for  the  air  necessary  for  their  existence  is  then 
shut  off.  Plant  roots  die  if  the  soil  is  saturated  with  water 
because  their  air  is  cut  off.  Fortunately,  soil  will  hold  only  a 
certain  amount  of  moisture  if  the  water  is  free  to  move,  the 
excess  gravitating  downward  and  draining  away.  This  is 
called  gravity  of  free  water.  The  gravity  water  sinks  until  met 
and  checked  by  impervious  material  or  reaches  standing  water ; 
that  is  the  water  table.  Unless  such  free  water  sinks  too  deep, 
it  is  not  entirely  lost  to  the  plant,  as  it  not  only  sinks  through 
gravity,  but  is  also  brought  back  to  higher  levels,  when  the  top 
soil  begins  to  dry,  by  capillary  attraction,  just  as  water  climbs 
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up  a  piece  of  cloth,  one  end  of  which  is  allowed  to  hang  in  water. 
This  capillary  water  is  the  water  that  supplies  the  immediate 
demands  of  the  plant.  Some  of  the  water  collects  on  the  surface 
of  each  soil  particle  and  sticks  to  it  with  a  peculiar  force,  form- 
ing a  film  over  the  soil  grain.  This  "  Film  Water  "  is  very 
important,  for  the  force  that  holds  it  so  closely  to  the  grains 
enables  it  to  dissolve  the  mineral  plant  foods  in  the  particle  and 
prepare  them  for  absorption  by  the  roots. 

Air  Must  Circulate  in  the  S(m1. — The  air  in  the  soil  is  as 
essential  to  plant  growth  as  the  air  above  the  soil.  This  soil 
atmosphere  below  the  surface  is  heavier  than  the  air  above,  and 
contains  more  carbon  dioxide  and  similar  compounds  than  our 
atmosphere.  These  gases  are  absorbed  into  the  soil  water  and 
become  a  part  of  the  attacking  force  that  liberates  the  mineral 
foods  from  the  dense  minerals.     The  nitrogen  supply  of  the 


CYPRESS   ROOTS  THROW   UP       KNEES       THROUGH    WHICH  TO 

BREATHE.      FIELD  CROPS  CANNOT  DO  THIS   SO  THE 

EXCESS  OF  MOISTURE  MUST  BE  DRAINED  AWAY 
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legumes  is  also  drawn  from  the  soil  air.  This  air  circulates 
through  voids  or  pores  which  are  stopped  up  by  excesses  of 
free  water  that  cannot  drain  away.  Such  a  condition  stops 
the  actions  just  described,  and  must  be  guarded  against  by 
keeping  free  water  drained  away  from  the  active  feeding  zone 
of  the  roots.  When  the  water  table  is  within  the  reach  of  the 
deeper  roots,  small  feeders  are  sent  down  to  or  near  the  water 
surface  and  drawn  from  the  moister  soil  there. 

Cultivation  and  Yields. — The  easiest  soil  to  plow  or  cultivate 
is  one  that  has  all  excesses  of  free  water  drained  away,  and  has 
dried  a  little  so  that  it  will  crumble  rather  than  break  in  lumps. 
A  wet,  soggy  soil  is  not  only  hard  to  cultivate,  but  the  very  act 
of  working  it  injures  instead  of  being  a  benefit.  The  air  i? 
worked  out,  and  the  air  spaces  themselves  are  closed  by  the 
process,  and  the  granulation  is  destroyed.  A  very  dry  soil 
breaks  up  cloddy,  and  the  condition  produced  by  plowing  it 
when  it  is  in  this  condition  is  sometimes  nearly  as  bad  as  if  it 
had  been  plowed  wet.  The  proper  storage  of  capillary  moisture 
by  good  cultivation  is  the  only  safeguard  to  maintaining  the 
proper  tilth  of  the  soil  and  to  prevent  puddling  or  the  forma- 
tion of  clods. 

The  aim  of  the  farmer  is  to  produce  crops  at  a  profit.  Water 
is  the  cheapest  article  he  has  to  handle,  and  is  at  the  same  time 
one  that  allows  itself  to  be  handled  almost  at  will,  but  becomes 
a  serious  drawback  if  allowed  to  take  its  own  way.  It  must  be 
there  as  a  food  and  a  carrier  of  other  foods,  as  a  control  of 
the  temperature  of  the  soil,  and  to  insure  the  proper  granu- 
lation of  the  soil.  Everything  that  can  be  done  to  the  soil  in  the 
way  of  getting  rid  of  excesses  of  free  water  and  holding  the 
maximum  of  capillary  water  will  make  itself  known  in  the 
increased  yields  it  affords. 

Erosion. — ^Erosion  or  washing  steals  plant  food.  If  bad,  it 
takes  the  whole  of  the  surface  soil  away.  An  excess  of  water 
often  causes  damage  by  erosion.  In  addition  to  taking  away 
valuable  plant  food  and  the  cultivated  top  soil,  erosion  leaves 
the  fields  cut  up  and  rough  and  exposes  material  that  requires 
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A  BADLV  ERODED  HILL 

much  effort  and  long  exposure  to  weathering  before  the  plant 
food  reaches  a  satisfactory  state  of  availability.  Gentle,  slow 
rains  are  always  preferable,  because  they  have  more  time  to 
soak  into  the  soil,  but  as  the  intensity  of  rainfall  is  beyond  the 
control  of  the  farmer,  he  must  fortify  his  soil  against  attacks 
of  erosion  due  to  heavy  precipitation  or  large  amounts  of  rain- 
fall in  a  short  time.  The  answer  is  to  get  the  water  down  into 
the  soil  before  it  can  run  off.  It  is  a  difficult  matter  to  do  this  tn 
a  big  wash,  where  thousands  of  barrels  of  water  are  coming 
down,  but  these  large  washes  are  started  by  little  trickles  of 
only  a  few  spoonfuls  further  up  the  hill.  These  little  trickles 
start  because  the  soil  is  too  tight  for  the  water  to  enter.  The 
surface  may  be  sealed  over  by  a  little  crust  or  there  may  be 
plow  sole,  tight  clay,  or  hardpan  deeper  down  which  limits  the 
soils  absorption  to  the  immediate  surface.  The  correction  of 
such  conditions  prevents  the  wasting  of  the  valuable  soil  into  the 
drainage  courses.  The  surface  crust  can  be  destroyed  with 
even  the  lig'htest  tools,  and  a  deep  shattering  by  blasting  will 
open  up  the  subsoil  so  that  it  will  be  able  to  absorb  hundred  of 
gallons  of  water,  where  before  it  took  but  sparingly. 
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Drainage. — Attention  has  already  been  called  to  the  neces- 
sity of  removing  all  excesses  of  free  water.  Where  such 
excesses  are  caused,  as  they  so  frequently  are,  by  the  water 
being  held  on  or  near  the  surface  by  hardpan  or  other  imper- 
vious material  below,  the  trouble  may  be  overcome  by  breaking 
through  the  holding  material  into  more  open  material  below. 
The  full  extent  of  the  possibilities  of  this  method  of  drainage 
have  not  yet  been  developed,  and  it  is  quite  likely  that  many  of 
the  upland  swamps  will  later  be  entirely  controlled  by  this 
method. 

A  more  rapid  development  of  the  larger  swamp  areas  has 
been  retarded  on  account  of  the  great  expense  of  ditch  digging 
by  hand  or  by  the  machines  suitable  for  digging  under  such 
conditions.  Again,  a  rational  use  of  dynamite  has  answered 
the  question,  for  it  has  been  absolutely  proven  by  experimenta- 
tion and  practical  application  on  large  and  small  drainage  areas 
that  ditches  can  be  quickly,  economically  and  satisfactorily 
excavated  by  blasting.  The  wet  soils  of  the  swamps  and  over- 
flowed regions  have  made  digging  by  hand  expensive  on  account 
of  the  difficulties  encountered  by  the  labor,  but  swamp  water  has 
no  terror  for  the  swift  cutting  action  of  a  high  power  dynamite 
that  will  rip  open  a  long  stretch  of  large  or  small  ditch  at  one 
effort.    Such  a  blast  not  only  opens  the  ditch,  but  levels  down 
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the  harmful  spoil  pile  or  bank,  scattering  the  dirt  over  the 
adjoining  land  for  a  distance  of  over  a  hundred  feet. 


A   BEAUTIFUL   B[.ASTED    DITCH 

Ditch  blasting:  is  by  no  means  limited  to  wet  lands,  for  it  is 
being  successfully  used  in  excavating  even  in  dry  hill  soil,  pro- 
vided it  is  not  sandy.  Changes  in  the  soil  or  the  soil  condition 
require  changes  in  the  selection  of  the  explosive  and  the  method 
of  loading,  which  are  details  that  can  best  be  learned  from  the 
books  of  practical  instruction  of  the  manufacturer  or  from  one 
of  their  representatives. 

The  use  of  blasting  in  connection  with  drainage  is  not  limited 
to  the  shattering  of  deep  drainage  courses  to  permit  of  down- 
ward drainage,  but  is  being  used  largely  in  connection  with 
open  and  blind  ditches  where  the  subsoil  is  so  hard  that  it  pre- 
vents the  passage  of  the  water  into  the  drainage  channels. 
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Thorough  subsoil  blasting  opens  up  these  subsoils  and  permits 
the  drains  to  collect  and  carry  away  the  water  that  has  rendered 
the  fields  worthless. 

Dynamite  and  farm  powders  are  also  being  used  to  control 
old-established  gullies  or  washes.  The  banks  are  shot  down 
into  the  bottom  of  the  gully  so  that  teams  can  be  driven  across 
to  plow  the  banks  down  to  the  desired  level.  This  shattering 
also  loosens  deeply  and  increases  the  immediate  absorption  of 
water  and  benefits  further  by  holding  out  of  the  surface  drain- 
age much  of  the  water  that  before  increased  the  run  off  and 
attending  erosion. 


QUESTIONS 

1.  What  is  the  amount  of  the  annual  rainfall  in  your  part  of  the 

state  ? 

2.  How  is  this  distributed  during  the  year? 

3.  Which  of  your  crops  suffer  most  from  lack  of  water  ?   Why  ? 

4.  Describe  your  ideal  method  of  storing  water  on  your  farm 

for  the  use  of  crops  ? 

5.  What  have  been  your  experiences  with  deep  plowing? 

6.  What  is  your  method  of  controlling  erosion,  and  what  results 

have  you  obtained  ? 

7.  What  modifications  in  your  practice  of  controlling  erosion 

do  you  think  necessary? 

8.  Describe  an  ideal  plan  for  the  general  drainage  of  your 

farm,  that  will  include  the  control  of  the  hill  water  as  well 
as  that  of  the  bottoms. 

9.  What  is  the  best  method  of  correcting  a  small  stream  that 

has  a  crooked,  shallow  bed  ? 
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PART  IV 

Soil  Bacteria 

The  most  constantly  active  part  of  the  soil  is  its  bacterial  life. 
These  are  tiny  little  plants  that  are  very  close  to  the  border  line 
of  being  animals,  and  are  known  by  a  number  of  popular  and 
slang  names.  They  are  the  smallest  known  living  organisms. 
Some  are  so  small  that  50,000  of  them  lying  side  by  side  would 
not  measure  over  an  inch,  and  a  single  drop  of  blood  or  milk 
would  form  a  desirable  tenement  for  thousands  to  live  in  and 
multiply.  They  reproduce  very  rapidly,  usually  in  from  15  to 
45  minutes.  If  unchecked,  a  single  bacterium  could  multiply 
to  17,000,000  in  24  hours.  This  reproduction  is  seriously 
checked  by  lack  of  room,  insufficient  food  and  unfavorable  sur- 
roundings, such  as  lack  of  air  or  too  much  water  for  some 
and  the  reverse  for  others.  They  are  also  checked  in  their 
development  by  the  presence  of  their  own  excreta.  They  form 
spores  for  their  reproduction  and  for  preservation  and  distribu- 
tion. In  the  spore  stage  they  can  live  over  long  periods  of  con- 
ditions unfavorable  for  their  growth  and  reproduction,  and 
then  begin  their  work  again  when  conditions  are  favorable. 
The  total  number  of  bacteria  is  inconceivable,  for  they  are  in 
the  air,  water,  soil,  and  everywhere. 

Some  of  them  are  harmful,  and  their  development  should  be 
checked,  while  others  are  so  helpful  to  mankind  that  every  effort 
should  be  made  to  encourage  their  growth.  The  different 
forms  require  widely  different  conditions  for  their  best  growth. 
One  class  thrives  in  an  abundant  supply  of  air,  and  are  called 
"  aerobic."    Another  form,  "  anaerobic,"  get  their  oxygen  from 
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different  forms  of  bacteria 
(greatly  enlarged) 


breaking  down  compounds  containing  this  element  and  thrive 
best  in  places  that  are  not  well  ventilated.     The  first  named 

form  includes  the  beneficial 
forms  of  soil  organisms,  while 
those  of  the  second  class  are 
usually  harmful.  The  very 
cultivation  and  aeration  of  the 
soil,  therefore,  promotes  the 
growth  of  the  beneficial  forms 
and  checks  the  activities  of  the 
harmful  ones.  The  deeper  the 
soil  is  loose  and  well  aerated, 
the  deeper  the  helpful  forms 
are  found. 

Harmful  Bacteria. — Some 
forms  of  bacteria  produce  de- 
structive diseases  in  the  plants, 
both  in  the  tops  and  branches  and  in  the  roots.  The  greatest 
trouble  from  bacteria  in  the  soil,  however,  comes  from  the 
forms  that  attack  the  nitrogen  carrying  foods  and  cause  the 
nitrogen  to  be  unlocked  from  its  combined  form  and  to  escape 
as  gas.  These  forms  thrive  best  in  wet  and  packed  soil, 
where  they  cause  the  organic  substances  to  undergo  a  waste- 
ful putrefaction  rather  than  a  beneficial  decay.  Their  ac- 
tivities are  at  once  checked  by  the  presence  of*  free  air.  Some 
crops  grown  continuously  on  the  same  soil  for  a  long  time 
cause  it  to  become  filled  with  forms  that  cause  diseases  in  the 
roots.  Generally  these  can  be  destroyed  by  a  rotation  of 
crops  attended  with  deep  tillage. 

In  short  the  control  of  harmful  soil  organism  is  accom- 
plished by  thorough  drainage  and  good,  deep  cultivation.  Many 
of  them  seem  to  thrive  best  in  sour  soils  which  can  be  made 
sweet  and  desirable  for  the  beneficial  forms  by  additions  of  lime. 

Beneficial  Organisms. — Bacterial  action  is  beneficial  to 
agriculture  in  many  ways.  As  soon  as  a  plant  or  animal  dies, 
the  influences  that  have  restrained  the  action  of  the  organisms 
of  decay  are  removed  and  the  bacteria  at  once  begin  breaking 


VERTICAL     FARMING  43 

down  the  complex  organic  substances  into  forms  that  are 
again  suitable  for  plant  food.  In  this  way  they  are  the  health 
patrol,  the  scavengers  of  the  soil.  Some  forms  have  the  power 
of  liberating  food  from  the  insoluble  mineral  soil  grains  and 
are  the  fairy  chemists  whose  laboratory  is  the  surface  of  the 
soil  particles.  These  soil  builders  have  already  been  described 
elsewhere  is  these  articles. 

In  fact  there  are  millions  of  these  tiny  forms  that  are  eager 
and  willing  to  assist  the  farmer  and  gardener  if  given  proper 
soil  atmosphere,  proper  soil  moisture,  and  proper  soil  temper- 
ature. 

Nitrogen  Fixing  Bacteria. — Attention  has  been  called  to  ihe 
likelihood  of  a  deficiency  of  nitrogen  in  the  soil  and  the  high 
cost  of  replenishing  the  supply  through  the  use  of  expensive 
fertilizing  materials.    Certain  of  the  air-loving  bacteria  form 
little  colonies,  called  nodules,  on  the  roots  of  leguminous  plants 
and  take  the  free  gaseous  nitrogen  of  the  soil  air  and  tie  it  up 
in  compounds  that  furnish  the  nitrogen  fertilizer  to  the  higher 
forms   of   plants.      These 
bacteria   do   not  thrive   in 
either  a  wet  or  a  sour  soil, 
and  are  not  found  naturally 
in  the  soils  of  many  parts 
of  the  country.    They  can 
be   planted    or    started    in 
such   soils  by  the   use   of 
certain     commercial     cul- 
tures, or  by  additions  of 
soil     in     which     they    are 
known  to  be  present.  Abun- 
dant supplies  of  these  bac- 
teria are  necessary   in  the 
soil  before  it  is  possible  to 
get  a  good  growth  of  the 
most     beneficial     legumes 

without  robbing  the  soil  of  nodules  on  roots  of  a 

the  supply  of  nitrc^en  al-  legume 
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ready  present  in  a  properly  combined  form.  Even  in  soils  rich  in 
nitrogen  the  growth  of  these  crops  is  materially  benefited  by  the 
presence  of  the  bacteria. 

Other  forms  of  bacteria  and  kindred  plants  of  microscopic 
size  have  the  power  of  gathering  bacteria  from  the  soil  air  and 
their  development  should  also  be  encouraged.  These  forms  are 
not  so  well  known  as  those  that  produce  the  nodules  on  the 
roots,  but  their  benefits  are  marked.  They  demand  a  well 
drained  and  well  aerated  soil. 

Helping  a  Friend  Along.— Aside  from  the  nodule  forming 
bacteria,  most  of  the  other  beneficial  forms  are  found  in  all 
normal  soils.  It  is  not  necessary  to  add  them  in  artificial  cult- 
ures, but  their  activities  can  be  materially  increased  by  keeping 
them  in  suitable  surroundings  and  supplying  their  constant  but 
simple  desires.  These  forms  get  their  oxygen  from  the  air, 
and  must  therefore  not  be  closed  up  in  a  tightly  sealed  soil. 
They  do  not  thrive  in  the  deep  subsoil  unless  it  is  well  aerated. 
Large  excesses  of  water  that  clog  up  the  pores  of  the  soil  also 


SWAMP    CONDITIONS    OR    EXCESSIVE    AMOUNTS    OF    WATER    SEAL 
THE  SURFACE  AND  STOP  BENEFICIAL  BACTERIAL  ACTION 
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exclude  the  air  and  smother  out  the  good  forms,  but  permit  the 
harmful  bacteria  to  grow  at  will.  While  too  much  water  is 
bad  for  them,  too  little  water  also  retards  their  work.  A  good 
moist  soil,  just  about  what  the  plants  want,  is  their  favorite 
— in  short,  a  well  drained  soil.  Most  of  them  need  a  supply  of 
Organic  matter,  such  as  partly  decayed  plants  or  animals.  This 
is  also  just  what  the  plants  want.  Another  one  of  their  desires 
is  for  even  tempered  soil,  where  the  changes  are  not  too  sudden 
from  hot  to  cold.  Here  again  they  agree  absolutely  with  the 
plants.  In  fact  the  beneficial  bacteria  and  plants  seem  to  be 
such  good  friends  and  neighbors  that  anything  that  benefits  one 
equally  benefits  the  other,  and  if  one  feels  sick,  the  other  wants 
the  doctor  also. 

In  keeping  up  the  bacterial  activities  care  in  turning  under 
green  manures  or  additions  of  litter  or  manure  is  always  repaid 
many  fold.  These  additions  of  humus  forming  material  also 
assist  greatly  in  maintaining  the  needed  moisture  supply  as 
humus  has  a  wonderful  power  of  absorbing  and  holding  water 
and  also  assists  in  granulating  the  soil. 

More  About  Nitrogen.— Free  nitrogen  is  everywhere.  The 
air  over  a  single  acre  contains  about  75,000,000  pounds  of  this 
peculiar  element.    To  buy  a  pound  will  cost  from  15  to  20  cents. 


TWO  SOURCES  OF   NITROGEN 
HOME  TRAPPED  BY  LEGUMES — BOUGHT  AT  C 
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The  farmer,  through  his  good  little  friends,  the  "  bugs,"  traps 
and  stores  this  hi  his  soil,  provided  he  goes  about  it  in  a  business- 
like way. 

This  way  is  simple.  Prepare  the  soil  for  the  best  content  of 
moisture  and  air,  and  see  that  it  is  not  sour.  Be  sure  that  the 
right  bacteria  are  present,  and  then  grow  deep  rooted  legumes 
that  suit  the  locality  best.  Selections  of  legumes  can  be  made 
for  practically  any  purpose.  Some  of  them  yield  the  most 
nutritious  hay,  while  others  furnish  grain  that  is  good  for  food 
for  both  man  and  all  kinds  of  farm  animals.  Others  furnish 
excellent  pasture.  Some  are  best  suited  for  soil  building  in  the 
shape  of  green  manure. 

The  deeper  the  preparation  of  the  soil  the  better  the  results 
that  are  obtained.  A  few  inches  of  loose  soil  will  give  just  so 
much  room  for  these  activities.  A  few  inches  more  will  be  of 
benefit,  but  the  desired  production  cannot  be  reached  until  the 
air-loving  bacteria  and  the  deep-rooted  plants  have  several  feet 
of  good  mellow  soil  in  which  to  operate.  The  only  satisfactory 
method  of  effecting  such  deep  tillage  is  by  blasting. 
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QUESTIONS 

1.  Are  the  changes  due  to  the  rotting  of  a  plant  or  animal  under 

water  the  same  as  rotting  in  the  air  ? 

2.  What  are  the  most  noticeable  differences  you  have  detected 

in  the  two  kinds  of  rotting? 

3.  What  are  five  beneficial  effects  of  bacteria  on  the  farm? 

4.  What  are  five  harmful  effects  of  bacteria  on  the  farm  ? 

5.  How  would  you  prepare  a  bottom  having  a  cold,  wet  subsoil, 

and  drained  by  a  deep  open  ditch,  for  growing  ordinary 
field  crops  ? 

6.  How  would  you  prepare  a  tight  hillside  subsoil,  low  in  lime, 

for  growing  alfalfa? 
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PART  V 

The  Movement  of  Moisture  and  the 
Feeding  Zone  of  Roots 

The  movement  of  moisture  in  the  soil  is  of  the  utmost  impor- 
tance to  plants.  It  is  first  necessary  that  the  water  received 
from  rain  or  irrigation  should  move  downward  through  the 
soil,  leaving  behind  only  such  as  is  held  by  capillary  attraction. 
The  excess  should  move  out  of  the  soil  and  into  the  drainage. 
This  movement  of  moisture  is  entirely  one  of  gravity.  Water 
moving  in  this  way  is  called  "  free  water.' 


» 


Movement  of  Water  by  Gravity. — In  order  to  get  the  water 
down  into  the  subsoil  and  prevent  its  running  away  as  surface 
drainage,  or  standing  on  the  surface  and  stopping  all  possi- 
bilities of  air  circulation  through  the  soil  pores,  it  is  essential 
that  it  move  downward  very  soon  after  it  is  deposited  on  the 
surface.  This  movement  depends  on  the  openness  of  the  soil. 
Sometimes  in  a  sandy  soil  the  water  soaks  into  the  soil  too 
rapidly  and  too  much  drains  away,  but  such  is  not  the  case  with 
clay  and  other  dense  soils.  In  such  soils  the  pores  are  naturally 
small  and  the  water  is  held  back.  The  movement  can  be 
hastened  by  tilling  or  stirring  the  soil  to  the  depth  to  which  it 
is  desirable  to  carry  the  water.  The  deeper  this  can  be  made 
effective  the  better,  and  so  it  is  very  apparent  that  soils  where 
the  water  is  likely  to  stand  on  the  surface  are  in  need  of  the 
deepest  practical  tillage.  As  the  free  water  clogs  the  pores  and 
stops  many  of  the  soil  processes,  the  plants  do  not  draw  their 
moisture  from  it,  but  get  it  instead  from  the  smaller  capillary 
supply  left  behind. 
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Movement  of  Capillary  Water. — llie  capillary  or  film  move- 
ment of  moisture  takes  place  irt  all  directions,  but  its  most 
important  direction  is  upward.  When  tight  soils  prevent  the 
downward  percolation  of  free  water,  some  is  carried  downward 
by  this  pull  which  has  been  described  elsewhere  as  the  same 
movement  as  the  oil  moving  in  a  wick.    As  the  amount  of  moist- 
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TWO  EXAMPLES  OF  CAPILLARITY 


ure  that  is  held  by  capillarity  is  limited  and  if  not  replenished, 
the  supply  within  reach  of  the  roots  may  soon  be  exhausted. 
This  available  supply  is  partially  maintained  by  the  upward 
movement  of  capillary  water.  As  one  point  becomes  dry,  the 
water  is  drawn  from  below  by  a  constant  pull  on  the  thin  film. 
When  capillary  water  moves  from  the  more  abundant  supply 
below,  it  brings  with  it  soluble  plant  foods  to  assist  in  nourish- 
ing the  plant,     ■ 

The  movement  of  capillary  water  is  effected  by  several  con- 
ditions. It  is  governed  very  largely  by  the  texture  of  the  soil. 
The  finer  the  soil  and  the  more  surface  the  soil  particles  expose, 
and  the  more  points  of  contact  between  the  particles,  the  greater 
is  the  pull.  For  example,  a  heavy  clay  soil  containing  20  per 
cent,  of  moisture  may  draw  water  from  a  coarse  sand  contain- 
ing only  10  per  cent.  Sandy  or  coarse  soils  move  water  very 
rapidly  and  in  large  amounts,  but  the  movement  in  such  soils 
cannot  take  place  over  long  distances.    With  clay,  which  has  a 
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much  stronger  capillary  pull,  the  movement  is  much  slower, 
but  may  take  place  over  greater  distances  against  gravity.  The 
amount  of  moisture  moved  in  this  way  decreases  as  the  limit 
of  distance  is  reached. 

In  addition  to  the  texture,  the  structure  of  a  soil  has  an  im- 
portant part  in  governing  the  capillary  movement.  The  better 
granulated  a  heavy  soil,  the  greater  the  pore  space  and  conse- 
quently the  greater  the  putl.  Additions  of  humus  materially 
increase  the  capillary  pull  as  well  as  the  reservoir  capacity  of  a 
soil.  In  a  puddled  soil  the  movement  is  very  slow  and  the 
amount  of  water  moved  very  small.  The  denser  the  soil  be- 
comes, the  slower  the  movement. 

Dry  layers  of  soil  break  off  the  capillary  pull  on  account  of 
the  coating  of  the  soil  particles  being  of 
such  a  nature  that  they  resist  wetting.    It 
is  this  fact  that  makes  the  effectiveness  of  a 
dry  dust  mulch,  in  holding  the  water  below 
the  surface  and  not  allowing  it  to  rise  to  the 
surface  and  be  lost  by  evaporation.    Capil- 
lary movement  is  much   faster  in  wet  or 
moist  soils  than  in  dry  ones,  so  it  is  advis- 
able at  all  times  to  preserve  some  moisture 
in  the  soil  if  only  for  its  benefits  in  a  rapid     the  capillary 
equalization  of  the  moisture  content  when  rlse  of  moisture 
water  is  applied.     The  ratio  of  the  move-      checkkd  by  a    . 
ment  in  wet  and  dry  soils  has  been  shown       dust   mulch 
to  be  as  high  as  i  to  4. 

This  upward  movement  continues  to  the  surface  and  when 
allowed  to  go  unchecked  will  result  in  all  the  movable  moisture 
being  pulled  up  and  lost  by  evaporation.  The  rate  of  evapora- 
tion of  moisture  from  the  surface  is  governed  largely  by  tem- 
perature and  wind  velocity.  When  water  is  stored  at  great 
depths  in  the  soil  it  is  harder  for  it  to  be  pulled  to  the  surface 
and  lost.  This  surface  loss  at  times  approximates  an  amount 
equal  to  a  sheet  of  water  5  inches  deep,  over  the  whole  surface 
in  a  month.  A  handy  example  of  the  upward  movement  of 
water  and  a  check  to  its  loss  can  be  observed  by  turning  over  an 
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old  log  or  plank  that  is  lying  on  the  ground  and  noticing  the 
large  amount  of  water  in  the  soil  immediately  underneath. 

The  Feeding  Zone  of  Roots. — ^The  root  systems  of  plants 
require  as  ample  room  in  which  to  develop  as  does  the  stalk  and 
leaf  system  above.  Roots  must  both  anchor  the  plant  in  place 
and  reach  down  for  food  and  water.  The  feeding  zone  of  a 
plant  determines  the  amount  and  value  of  the  top.  The  soil 
must  be  cultivated  in  order  to  provide  a  proper  feeding  zone, 
for  the  earth  in  its  natural  condition  will  not  yield  as  abundantly 
as  well  cultivated  soil.    Just  below  a  good  surface  mulch  in  a 

well  cultivated  field  we  find 
moist  soil  full  of  roots  revel- 
ling in  an  ideal  feeding  zone. 
On  an  adjoining  uncultivated 
field  one  must  dig  down  to  find 
moist  soil,  and /discovers  only 
a  few  roots  feeding  in  a  mea- 
ger compact  feeding  zone. 
Rootlets  are  ever  pushing  into 
fresh  soil  zones  where  more 
water  and  food  are  to  be 
found,  yet  the  feeding  zone 
in  ordinary  farming  is  con- 
fined largely  to  the  shallow 
depths  of  the  plowed  furrow, 
simply  because  it  is  the  only 
warm,  mellow,  well  ventilated 
soil  within  the  reach  of  the 
roots.  When  given  a  chance, 
feeding  roots  advance  rapidly 
to  meet  the  capillary  rise  of  soil  moisture,  and  the  energetic 
way  in  which  they  go  down  and  search  in  every  direction  for 
food  and  water  proves  them  to  be  highly  organized  parts  of 
the  plant  and  possessed  of  instinct  or  something  akin  to  intelli- 
gence. Plants  having  large  or  active  root  systems,  making 
a  rapid  growth,  remove  more  water  and  more  plant  food  from 
the  soil  in  a  given  time  than  those  with  a  small  system  or 


PECAN   ROOTS   FROM   BLASTED 
AND   TIGHT   SOIL 


ROOTS  GOING  DOWN   FOR  FOOD  AND  WATER.      THE  DEEPER  THE 
BETTER. 
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sluggish  action.  A  corn  crop  when  in  the  season  of  most 
vigorous  growth  will  remove  more  water  from  the  soil  in 
a  day  than  will  a  crop  of  wheat.  Some  crops  are  slow,  weak 
feeders,  while  others  feed  ravenously,  and,  while  taking  up 
more  substance,  may  be  able  to  overcome  more  unfavorable 
conditions.  Roots  should  be  thrown  down  into  the  soil  as  far  as 
possible  in  order  to  get  away  from  danger  of  drouth,  and 
excesses  of  temperature,  as  well  as  from  injury  by  cultivating 
machinery. 

The  desirable  conditions  for  a  root  system  can  be  improved 
by  thorough  cultivation  of  the  subsoil,  much  deeper  than  any 
plow  can  go,  by  means  of  explosives.  They  loosen  up  the  soils 
so  that  the  roots  are  not  checked  in  going  downward,  the  rise  of 
capillary  water  is  aided,  aeration  is  improved,  and  deep  reser- 
voirs of  water  made  accessible.  This  method  more  than  doubles 
the  depth  of  the  feeding  zone. 

Depths  to  Which  Roots  Go. — The  natural  tendency  of  most 
roots  is  to  go  deep  into  the  soil.  Many  who  have  not  investi- 
gated this  subject  believe  that  roots  do  not  go  deeper  than  one 
or  two  feet  and  cutivate  accordingly.  On  the  contrary,  they  go 
to  much  greater  depths  if  the  soil  conditions  permit.  Corn 
roots  that  have  been  confined  and  have  occupied  all  the  soil  to  a 
depth  of  2  feet,  will  go  to  a  depth  of  8  feet  if  the  restriction  is 
removed.  Wheat,  oats  and  barley  will  penetrate  from  8  to  lo 
feet,  grass  roots  will  go  down  6  and  8  feet,  while  alfalfa  has 
been  known  to  go  down  over  30  feet.  Grapevine  roots  have 
been  found  22  feet  below  the  surface,  while  the  root  systems 
of  trees  correspond  in  extent  and  branching  to  the  parts  above 
ground.  The  roots  of  clover  weigh  as  much  as  the  total  weight 
of  the  year's  crops,  while  the  roots  of  an  oat  crop  are  nearly 
50  per  cent,  of  the  weight  of  the  seed  and  straw.  The  total 
length  of  all  the  roots  of  a  wheat  plant  was  found  to  be  about 
268  feet,  of  one  rye  pjant  385  feet,  and  of  one  corn  plant 
1452  feet.  Such  facts  show  that  the  size  and  depth  of  the  root 
systems  are  generally  not  appreciated,  and  are  generally  under- 
estimated.   It  is  evident  that  the  roots  need  a  far  deeper  feeding 
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zone  than  is  ordinarily  given  them.  The  feeding  zone  has  been 
shallow  and  meager,  largely  because  the  farmer  could  formerly 
find  no  suitable  means  for  the  deep  cultivation.  No  practical 
machinery  can  till  the  soil  as  deep  as  2  feet,  and  even  that  limit 
is  not  sufficient  for  the  needs  of  crops.  Such  deep  cultivation 
is  jKJSsible  only  with  high  explosives. 

The  benefits  of  deep  rooting  of  a  crop  do  not  pass  away  when 
the  crop  is  harvested,  for  the  roots  are  left  down  where  they 
grew,  and  on  decaying  form  humus  at  a  depth  where  it  would 
be  impossible  to  place  it  by  artificial  means,  clown  where  it 
will  help  to  perpetuate  the  granulated  condition  of  the  subsoil, 
and  keep  alive  the  deep  feeding  and  working  bacteria,  helping 
the  farmer  to  gain  thereby  the  full  return  from  all  of  his  field 
rather  than  from  the  top  only. 
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Weeds  and  Their  Effects. — Weeds  injure  crops  by  robbing 
them  of  their  water  and  food.  The  escape  of  water  is  intangi- 
ble, like  the  setting  free  of  plant  food,  because  we  cannot  see 
either  with  the  eye  and  must  put  our  wits  to  work  to  detect  its 
departure.    Weeds  may  have  a  mission  in  life ;  anyway  they  are 


WEEDS — THE  STAR    BOAEIDERS 

stimulating  rascals.  When  the  farmer  gets  mad  enough  to  go 
after  them,  their  mission  is  ended,  for  by  destroying  them  he 
conserves  the  moisture  by  unconsciously  cultivating  the  ground 
and  increases  the  fertility  of  the  soil. 

Conserving  the  Moisture. — Where  the  moisture  supply  is 
deficient,  weeds  should  not  be  allowed  at  any  time  before, 
during,  or  after  the  crops,  for  they  remove  water  from  the 
soil  as  rapidly  as  the  useful  plants.  When  the  water  is  ample, 
but  the  soil  too  fine  to  permit  rapid  enough  capillary  movement. 
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green  manure  should  be  grown  and  plowed  under  deeply.  The 
chief  feature  in  conserving  moisture  is,  of  course,  to  get  the 
moisture  in  hand.  This  can  only  be  done  by  leading  it  down 
into  the  soil  to  great  depths.  If  the  soil  is  of  such  a  nature  that 
this  takes  place  of  its  own  accord,  all  well  and  good,  but  many 
soils  are  not  that  way.  They  are  stubborn,  and  need  a  real  first- 
class  shooting  with  an  explosive  to  subdue  them.  Then  the 
maintenance  of  the  organic  matter  and  surface  mulch  can  reach 
their  desired  effects. 


QUESTIONS 

1.  What  soil  conditions  cause  water  to  be  held  on  the  surface  of 

fields? 

2.  Will  oil  rise  faster  in  a  moist  or  dry  lamp  wick?    Will  the 

same  principle  always  hold  true  of  soils? 

3.  Why  does  a  dry  layer  of  soil  stop  the  capillary  rise  of 

moisture  ? 

4.  When  should  a  dust  mulch  be  renewed  ? 

5.  What  effect  would  a  few  inches  of  loose  straw  on  the  surface 

have  on  the  soil  moisture  during  a  rain  ?    During  hot,  dry 
weather  ? 

6.  Why  is  it  beneficial  to  fall  plow  and  deep  till  thin,  hard 

lands  and  cover  the  surface  with  trash? 

7.  Which  will  you  find  at  greater  depths,  wheat  or  clover 

roots  ? 


THE  PLOW  GIVES  THE  IDEAL  SURFACE  BREAKING  BUT  ONLY 
EXPLOSIVES  CAN   ATTACK   THE  DEEP  TROUBLES 
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PART  VI 

Cultivation — Use  of  Explosives 

The  present  means  and  methods  of  cultivation  are  behind 
the  times.  They  are  not  up  to  date  with  the  progress  made  all 
along  other  lines.  They  all  work  too  shallow,  cultivating  the 
land  a  few  inches  where  they  should  loosen  and  stir  to  a  depth 
of  several  feet.  A  world  of  wealth  in  thought,  money,  inven- 
tion and  machinery  has  been  bestowed  upon  the  first  few  inches 
of  the  soil  at  the  surface,  but  up-to-date  agriculture  demands 
that  the  depths  of  the  soil  be  considered  also.  It  is  not  enough 
to  just  scratch  the  surface  and  leave  untouched  the  storehouse 
of  wealth  below. 

A  World  of  Tools. — The  farmer  has  at  his  command  for 
working  this  thin  skin  of  the  surface  inches  a  wonderful  array 
of  tools.  He  has  plows  of  all  kinds  and  qualities  to  select  from 
to  fit  every  surface  condition  imaginable — hillside,  landside, 
hinge,  and  swivel  plows — equipped  with  every  shape  of  mold- 
board,  and  coulters  that  may  be  fin,  knife  or  rocking.  He  may 
use  hand,  sulky,  or  motor  plows,  and  work  them  single,  double, 
or  in  gangs.  He  has  harrows  without  number,  home-made  and 
latest  patent,  coulter,  spring,  chain,  slicing,  spading  and  cuta- 
way, all  of  them  equipped  with  teeth  set  vertical  or  set  slanting, 
with  plain,  twisted,  shovel,  coulter,  spike,  and  spring  teeth  in  a 
bewildering  dental  display.  He  has  cultivators  of  all  sorts  and 
breeds — hand,  walking,  and  riding.  He  has  drags,  rollers, 
plankers,  floats,  boats,  clod  crushers,  pulverizers,  and  smooth- 
ers, and  he  has  so-called  subsoilers  in  good  variety  that  work 
only  a  few  inches  deeper  than  the  tools  already  mentioned. 
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Yet  with  all  this  to  select  from  he  can  do  but  little  better  than 
the  Romans  did — prepare  the  seed  beds  and  scratch  the  surface, 
while  at  greater  depth  the  roots  still  have  to  scratch  for  them- 
selves, as  they  did  centuries  ago.  It  is  too  much  on  the  prin- 
ciple of  the  man  who  only  greased  the  front  wheels  of  his 
wagon,  saying  that  if  they  went  the  hind  ones  would  "  just 
naturally  have  to  follow." 

Progress  Demanded. — With  lands  becoming  scarce  and 
prices  higher,  there  is  a  demand  for  methods  that  are  more 
efficient,  that  will  cultivate  the  ground  to  greater  depths,  that 
will  meet  the  demands  of  the  feeding  roots,  that  will  double  the 
feeding  zone,  that  will  furnish  deep  moisture  reservoirs,  that  ' 
will  extend  bacterial  activity  downward,  that  will  double  and 
treble  the  farmer's  acreage  of  productive  soil  by  depth,  and  not 
by  area.  So  far  as  these  demands  are  concerned,  farm  machin- 
ery is  so  far  a  failure  and  but  little  advance  has  been  made  on 
the  primitive  plow,  the  sharp  stick  with  a  V-branch.    It  is  not 


MARVELOUS  IMPROVEMENTS  HAVE  BEEN  MADE  IN  SURFACE 
CULTIVATION 
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enough  to  secure  ease  of  draft,  or  raise  heavier  and  faster 
walking  horses.  It  is  not  enough  that  the  ox,  horse  and  mule 
are  giving  way  to  steam,  gasoline,  and  electricity,  to  cable 
traction  and  automobile  luxury.  It  is  not  enough  to  point  with 
pride  from  the  one-negro-one-mule-one-plow  combination  to  the 
monster  steam  gang  plows.  Something  more  is  demanded. 
The  present  machinery  is  good  so  far  as  it  goes,  and  is  the  best 
that  the  world  has  ever  seen  until  recently,  but  it  does  not  go  far 
enough.  It  does  not  go  down.  Many  remedies  have  been  sug- 
gested only  to  meet  with  a  cold  reception.  It  is  always  difficult 
to  change  old  conditions,  old  customs,  for  there  is  ever  prejudice, 
against  such  changes.  The  kind  of  prejudice  that  the  first  cast 
iron  plows  (Newbolds,  1797)  "  poisoned  the  land  "  and  "  caused 
weeds  to  grow  "  is  still  in  existence,  and  can  only  be  overcome 
by  enlightenment. 


PLOW  USED  BY  EARLY  AMERICAN 

THE  ANCIENTS  TYPE 

Shallow  Methods  Prevail. — All  methods  and  machinery  in 
common  use  are  good  for  preparing  the  seed  bed,  but  are  of 
little  or  no  use  in  helping  the  roots  to  go  down  to  their  natural 
length ;  of  no  use  in  improving  the  soil  atmosphere  more  than  a 
foot  or  two,  or  in  meeting  the  many  and  varied  demands  of  the 
plant  system  below  the  surface.  The  function  of  the  plow  is 
essentially  to  turn  a  thin  ribbon  of  the  soil  on  edge  or  upside 
down,  and  to  shatter  and  break  the  surface  of  the  earth  as  much 
as  possible,  and  to  destroy  weeds,  and  bury  refuse.  Harrows 
and  cultivators  have  primarily  a  stirring  action  that  forms 
mulches  and  prevents  surface  evaporation,  but  they  work  at 
even  shallower  depths  than  the  plow.  Some  of  the  instruments 
used  tend  to  form  plow  sole,  or  hardpan  and  impacted  con- 
ditions of  the  soil  close  to  the  surface,  defeating  the  very  object 
of  cultivation. 
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The  most  effective  of  all  farm  tools  in  breaking  up  the  sur- 
face soil  is  the  plow,  and  its  use  in  working  up  a  tight  surface 
soil  into  a  satisfactory  condition  of  tilth  must  never  be  over- 
looked. The  effectiveness  of  the  plow  has  been  improved  by 
using  modifications  that  will  disturb  the  soil  to  greater  depths 
than  is  possible  with  an  ordinary  moldboard  plow.  The  best 
known  tool  of  this  type  is  the 
narrow  subsoil  plow  that  fol- 
lows along  in  the  freshly 
turned  furrow  of  the  regular 
plow,  deepening  the  cultiva- 
tion several  inches.     Such  a 

COMMON    SUBSOILER  P^^^   ^^^^^   "«'   ^^"'^  the   Sub- 

soil  to  the  surface  but  simply 
stirs  the  subsoil.  The  depth  reached  is  seldom  as  much  as  18 
inches  and  is  usually  not  more  than  12  to  14  inches.  A  more 
improved  implement  is  the  new  double  disc  Spaulding  Deep 
Tilling  Machine,  which  combines  in  one  tool  both  the  surface 


SPAULDING  DEEP  TILUNG  MACHINE 
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and  the  sub-surface  plow.  One  heavy  disc  follows  behind 
and  below  another,  and  by  their  cutting,  twisting  action 
break  and  mix  the  surface  soil  with  a  layer  of  the  material 
lying  underneath.  Excellent  results  have  been  obtained  with 
both  forms  of  deep  plows,  and  their  use  is  strongly  recom- 
mended, as  their  immediate  action  is  to  break  up  the  plow  sole 
or  shallowest  hardpan  material.  They  also  leave  the  surface 
and  immediate  sub-surface  in  a  most  desirable  condition  to 
receive  the  rain  water  and  allow  it  to  be  conducted  to  the  deeper 
subsoil  that  has  been  shattered  with  an  explosive,  where  it  may 
be  held  by  capillary  absorption. 

Benefit  of  Using  Explosives. — It  is  admitted  that  present 
methods  of  cultivation  do  not  go  deep  enough,  and  it  must  also 
be  admitted  that  the  use  of  specially  prepared  agricultural 
explosives  offers  the  desired  remedy.     It  is  admitted  by  all 
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COMPARATIVE  DEPTHS  REACHED  BY  DIFFERENT  FORMS  OF  TILLAGE 


authorities  in  agriculture  that  the  plow  and  harrows  do  not 
go  deep  enough  and  they  advise  the  use  of  subsoilers.  Scores 
of  books  explain  how  and  why  each  piece  of  machinery  turns 
over  the  soil,  reduces  it  to  fineness,  forms  mulches,  saves  water, 
breaks  clods,  aerates,  stimulates  bacteria,  etc.  If  all  this  wealth 
of  invention  and  labor  is  worth  while  bestoiving  upon  the  first 
few  inches  of  the  soil  why  it  is  not  worth  following  the  roots 
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down  to  their  second  foot  of  growth,  their  third,  and  even  their 
eighth  and  tenth  foot  when  they  flourish  at  those  depths.  The 
only  reply  is,  "  Yes  it  would  pay,  but  how  can  it  be  done?  ".  It 
can  be  done  economically,  quickly,  and  thoroughly  by  the  use  of 
explosives.  Deep  plowing  is  recommended  by  all  authorities 
"  wherever  the  resisting  soil  will  permit."  Machinery  made 
especially  for  deep  work  may  be  stopped,  but  nothing  can 
resist  the  explosives.  The  farmer  plows,  harrows,  and  spends 
time,  labor  and  money  in  cultivating  the  surface  foot  and  re- 
joices in  the  wonderful  alchemy  that  follows  his  endeavors — ^the 
mysterious  activities  he  has  set  in  motion.  He  works  cheerfully 
and  with  confidence,  largely  because  he  can  see  what  he  is  doing. 
In  the  new  agi"iculture  he  must  work  by  faith  and  reason  in 
depths  where  he  cannot  see  with  his  eyes  what  is  taking  place. 
The  result  will  place  before  his  eyes  in  the  form  of  bumper  crops 
proofs  of  the  benefits  of  his  work.  The  new  agriculture  simply 
points  out  the  benefits  acquired  by  the  thorough  cultivation  of 
the  foot,  or  two  feet,  and  by  explaining  how  and  why  this  is 
accomplished,  points  out  the  value  of  extending  the  cultivation 
further  down  by  the  simple  means  of  explosives.  The  harrow 
warms  and  aerates  the  soil  and  promotes  activity  by  loosening 
and  separating  the  soil  particles  at  the  surface.  Explosives  do 
the  same,  breaking,  loosening,  pulverizing  at  depths  machinery 
cannot  reach.  Drainage  is  recommended  by  all  because  it 
removes  excess  of  water,  admits  air,  and  gives  proper  moisture 
conditions.  Explosives  have  drained  many  a  field  and  secured 
all  these  benefits  at  far  less  cost  in  time,  labor  and  money  than 
the  usual  methods  of  ditching  and  tilling. 

The  importance  of  nitrification  is  proven,  but  why  confine  it 
to  the  thin  furrow  slice  when  the  action  of  bacteria  has  been 
proven  at  depths  of  6  feet  in  the  humid  soils  of  the  East,  and 
still  deeper  in  the  porous  soils  of  the  arid  and  semi-arid  regions 
of  the  West?  Why  not  loosen  the  soil  and  secure  proper  condi- 
tions by  the  use  of  some  charges  of  explosives?  It  is  admitted 
that  there  is  much  of  plant  food  below  the  shallow  plowed  and 
cultivated  ground,  and  that  the  roots  will  go  down  if  they  can. 
Why  not  open  the  way  and  make  it  easy  for  them  by  cracking 
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and  pulverizing  the  soil  with  explosives  as  far  down  as  the  roots 
care  to  go?  It  is  admitted  that  water  may  be  stored,  as  in  dry 
farming,  by  converting  the  soil  itself  into  a  reservoir  by  making 
it  porous  so  that  it  absorbs  water  and  holds  it  like  a  sponge. 
Why  not  use  explosives  and  make  the  reservoirs  two  and  three 
times  as  great  and  secure  absolute  instead  of  partial  insurance 
against  drouth? 

It  is  admitted  that  much  of  the  rainfall  is  lost  by  running  off, 
and  consequent  damage  done  by  erosion.    Why  not  check  this 
by  the  use  of  explosives  before  the  rainy  season,  storing  the 
rainfall  in  porous  soil  instead  of  letting  it  run  to  waste?    It 
is  admitted  that  some  of  the 
soils    called    "  womout,"    or 
"  poisoned  "  and  "  worthless  "  , 
may  be  reclaimed  if  the  soil  is 
thoroughly  stirred  up  from  the 
depths.     What  can  do  this  so 
efficiently  as  explosives  ?     It  is 
admitted    that    much    of    the 
plant  fdod  in  the  soil  is  una- 
vailable   because    it    is    un- 
weathered.    Why  not  make  it 
available     by     opening     the 
ground  to  weathering  agencies 
by  explosives? 

The  benefits  of  clean  sum- 
mer following  every  other 
crop,  under  low  rainfall,  and 
occasionally  under  abundant 
rainfall  are  admitted.  Why 
not   secure  these  benefits   by 

means  of  explosives?     It  is         from  deep  shattered 
admitted  that  granulation  of  subsoil 

a  soil  is  a  benefit,  that  any 

treatment  that  increases  the  lines  of  weakness  in  the  soil 
structure  facilitates  the  movement  of  capillary  water,  and  the 
action  of  moisture  films.  The  more  numerous  the  lines  of 
weakness  the  quicker  granulation  is  secured. 
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The  fewer  the  lines  of  weakness  the  more  close  and  cloddy 
the  structure  What  will  granulate  soil  to  the  depths  quicker 
than  explosives?  It  is  admitted  that  present  machinery  can 
only  increase  the  feeding  zone  of  the  roots  an  inch  or  two. 
What  can  explosives  do  in  this  line?  A  cubic  yard  of  hard  soil 
has  6  faces  and  9  square  feet  in  each  face,  or  a  total  of  54  square 
feet.  Divide  it  into  i  foot  cubes  and  there  are  162  feet  of 
surface.  Break  it  into  inch  cubes  and  it  presents  1944  square 
feet,  or  nearly  1/20  of  an  acre  of  feeding  surface  for  the  roots. 


TOY   BLOCKS   TO   REPRESENT  THE   INCREASE   IN    SURFACE  AREA— 

THE  REPRESENTED  CUBIC  YAHD  HAS  A  SURFACE  AREA  OF  54 

SQUARE  FEET.      THE  2J  CUBIC   FEET  A  SURFACE  OF    162    ■ 

SQUARE    FEET.       IF    BROKEN    TO    INCH    CUBES   THE 

AREA   IS    1944  SQUARE  FEET 
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NG  SUnSOit.S  WITH  FARM  POWDER 

A  single  cartridge  of  explosive  can  easily  convert  several  yards 
of  compact  and  useless  hardpan  into  half  an  acre  of  new  feed- 
ing ground.  Costly,  massive,  improved  machinery  enables  the 
farmer  to  spread  out  his  operation,  to  move  horizontally,  and 
handle  more  acreage  in  the  same  time,  and  he  is  ever  eager  to 
double  and  treble  his  holdings  of  fertile  soil.  What  is  wanted 
is  something  that  enables  him  to  move  vertically  down  and 
double  his  acreage,  and  double  his  yield  by  doubling  the  fer- 
tility of  the  soil,  by  doubling  the  depth  of  the  feeding  zone,  by 
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doubling  the  water  supply,  by  cultivating  the  ground  to  double 
and  treble  the  former  depths.  "  Vertical  Farming/'  to  coin  a 
name,  is  the  keynote  of  a  new  agriculture  that  has  come  to  stay, 
for  inexpensive  explosives  enable  the  farmer  to  farm  deeper,  to 
go  down  to  increase  his  acreage,  and  to  secure  larger  crops. 
Instead  of  spreading  out  over  more  land  he  concentrates  on  less 
land  and  becomes  an  intensive  rather  than  an  extensive  agri- 
culturist, and  soon  learns  that  it  is  more  profitable  to  double  the 
depth  of  his  fertile  land  than  to  double  the  area  of  his  holdings, 
and  he  learns  that  his  best  aid  and  servant  in  this  work  is  a  good 
explosive.  Peace  congresses  demand  that  swords  be  turned  into 
pruning  hooks.  The  farmer  is  busy  turning  explosives  from 
war  to  agriculture,  from  death  dealing  to  life  giving  work. 

There  is  a  demand  to-day  for  farmers  who  think,  and  who 
think  long  and  closely  as  well  as  observe;  for  men  who  reject 
nothing  because  it  is  an  innovation,  because  it  is  new.  Men 
are  wanted  everywhere  who  have  thought  for  themselves  how 
soil  first  came  into  being  and  what  its  form  and  character  are 
and  what  they  mean  ;  men  who  are  not  satisfied  until  they  know 
how  plants  feed,  where  they  feed,  and  the  nature  of  their  food ; 
men  who  look  below  the  surface  of  the  ground  and  realize  that 
as  much  of  their  future  crop  is  there  as  will  be  above  the  sur- 
face, that  plant  roots  must  have  air  and  water  at  the  right 
.  times  and  in  the  right  abundance  as  much  as  the  animals  in  their 
barns. 

This  kind  of  men  have  been  and  are  using  explosives  freely 
as  the  best  and  simplest  means  of  securing  success  and  accom- 
plishing their  object.  Their  success  may  be  duplicated  by  all 
who  care  to  do  so.  The  use  of  explosives  for  deep  cultivating 
and  other  farm  purposes  has  come  to  stay. 

Vertical  farming  with  explosives  is  another  step  forward 
as  truly  as  irrigation  and  dry  farming,  and  is  greater,  for  unlike 
them  it  is  not  limited  to  any  area  or  region  but  may  be  practised 
everywhere  and  anywhere.    It  has  the  world  for  its  field. 
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QUESTIONS 

1.  What  is  your  investment  in  tools  per  acre  of  land  tilled? 

2.  What  is  your  total  cost  of  preparing,  seeding,  cultivating, 

and  harvesting  one  acre  of  money  crop? 

3.  What  improvements  over  the  practices  of  your  father  have 

you  made  in  the  use  of  field  machinery  and  supplies? 

4.  How  deep  do  you  actually  plow?     (Measure  the  depth  at 

the  unbroken  side  of  the  furrow.) 

5.  Did  you  ever  follow  up  the  full  development  of  the  roots  of 

a  tree  or  a  field  plant  ?    What  did  you  find  ? 

6.  Have  you  any  actual  knowledge  of  the  character  of  your 

subsoil  ? 
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but  the  latter  may  easily  be  reduced  to  an  excellent  condition.  As 
a  rule  the  soil  is  well  drained.  Most  of  the  rain  readily  percolates 
through  the  soil  into  subterranean  channels  formed  by  the  decompo 
sition  of  limestone,  which  provides  a  most  excellent  drainage  system. 
There  is  very  little  surface  run-off  and  the  surface  wash  is  reduced  to 
a  minimum. 

In  some  places  this  tj'pe  of  soil  is  marked  by  a  numbei-  of  ponds, 
which  may  be  due  to  one  of  two  causes.  The  sink  holes  into  which 
the  surface  water  disappears  may  be  so  clogged  that  the  water 
cannot  get  away,  or  a  substratum  of  the  impervious  clay  may  be 
responsible  for  holding  the  water.  Although  this  type  of  soil  was 
formed  by  the  decomposition  of  rock  containing  about  seventy  per 
cent,  of  calcium  and  magnesium  carbonates,  yet  because  these  min- 
erals are  soluble  in  drainage  water  the  soil  may  often  be  deficient 
in  lime. 

VOLUSIA  SILT  LOAM. 

This  type  of  soil  is  of  glacial  formation,  so  that  it  is  variable  in 
composition  and  thickness.  The  predominating  color  is  gray.  The 
subsoil  may  be  yellow,  gray,  brown,  or  a  mottled  gray  and  yellow. 
In  swampy  land  the  suidPace  soil  may  be  black  or  daik  gray,  while 
the  subsoil  may  be  very  light  in  color.  On  steep  areas  the  soil 
is  generally  stony,  consisting  largely  of  sandstone  or  shale  rock. 
The  silt  loam  on  level  or  gently  rolling  lands  may  be  comparatively 
free  from  stones.  In  general  the  Volusia  silt  loam  consists  of  from 
six  to  eight  inches  of  gray  or  brownish  gray  silt  loam,  with  a  sub 
soil  of  light  gray  or  mottled  gray  and  yellowish  silty  loam.  The 
percentage  of  clay  of  the  lower  subsoil  usually  increases  with  depth, 
a  clay  mixture  replacing  the  silty  clay  loam.  Therefore  a  section 
of  soil  often  includes  three  well  defined  classes  of  soils  in  successive 
layers. 

The  drainage  is  often  very  deficient  in  this  type  of  soil.  In  such 
cases  artificial  drainage  must  he  provided  before  crops  can  be  profit- 
ably grown.  In  many  localities  large  areas  are  covered  with  ponds 
during  wet  seasons  and  in  many  cases  the  ponds  are  permanent. 
Where  adequate  drainage  is  maintained,  and  sufficient  lime  is  added 
to  correct  the  soil  acidity,  and  srood  farming  methods  are  practiced, 
fair  crops  may  be  eypected  from  this  type  of  soil. 

The  object  in  conducting  these  experiments  was  to  determine: 

1.  General  physical  effect  on  soils. 

2.  Effect  on  soil  moisture  and  drainage. 
H.     Effect  on  newly  i)lanted  fruit  trees. 

4.  Effect  on  mature  trees. 

5.  Effect  on  field  crops. 

6.  Effect  on  insects  and  fungous  diseases  as  far  as  could  be  de 
terniined. 

The  dynamite  used  in  these  experiments  was  obtained  from  the  E. 
I.  dn  T*ont  de  Nemours  Powder  Company,  Wilmington,  Delaware, 
fii  tlie  oM'l'nid  and  field  crops,  Red  Cross  twenty  i)er  cent,  dynamite 
was  nsod:  in  shootinir  swam])s,  Kod  Cross  forty  per  cent,  dynamite 
was  uj^ed;   in   shooting  an   open   ditch.   Red   Cross  sixty  per  cent. 


Hercules  dynamite  was  used/    It  was  the  aim  to  make  all  explo 
sions  as  heavy  as  could  be  used  without  scattering  the  soil  to  an  un- 
desirable extent.    The  amount  of  dynamite  re<iuired  was  also  a  part 
of  the  investigation. 

Experiment  No.  1. 

To  Determine  the  Effect  of  Dynamite  on  Newly  Planted  Fruit  Trees, 

Young  apple  trees  were  planted  in  holes  over  the  spots  where 
dynamite  had  been  exploded  in  the  soil.  Check  rows  of  trees  were 
planted  at  both  ends  of  the  plats  in  holes  where  no  dynamite  had 
iieeu  exph)ded.  Measurements  of  the  circunifereiue  and  height  of 
each  tree  were  taken  at  planting  time  and  at  the  end  of  the  growing 
season,  so  that  any  difference  in  growth  between  trees  planted  on 
dynamited  soils  and  soils  not  dynamited  could  be  readily  detected. 
The  measurement  of  each  tree  was  taken  just  above  the  surface  of  the 
ground.  This  experiment  was  conducted  on  two  different  farms  in 
Lawrence  county.  One  was  the  farm  of  Arthur  H.  White,  of  Pulaski, 
and  the  other  was  the  farm  of  J.  H.  Johnston,  of  New  Wilmington. 


Experiment  No.  lA. 

Experiment  toith  Newly  Planted  Apple  Trees  on  the  Farm  of  Arthur 

H.  White,  Pulaskiy  Pennsylvania, 

On  May  8,  1912,  fifty-three  one-year-old  Baldwin  apple  trees  were 
planted  thirty-four  by  forty  feet  apait,  except  the  first  eighteen, 
which  were  sixteen  feet  apart.  Numbers  1,  3,  5,  7,  9,  11,  13,  15,  17, 
i\\  20,  21,  22,  23,  49,  50,  51,  52,  and  53  were  ptlanted  in  holes  where  no 
dynamite  had  been  used.  Numbers  2,  4,  6,  8,  10,  12,  14,  16,  and  18 
were  planted  in  holes  where  i  of  a  half  pound  stick  of  dynamite 
had  been  exploded  two  feet  below  the  surface  of  the  soil.  Trees  from 
24  to  48,  inclusive,  were  planted  in  dynamited  holes.  The  depth  of 
explosion  and  the  size  of  charge  is  shown  in  the  following  plan.  The 
soil  was  dry  enough  to  plow  and  was  in  good  working  condition. 
The  circumference  and  the  height  of  each  tree  were  measured  and  the 
weight  of  each  of  the  first  eighteen  trees  was  taken. 


Arrangement  of  Trees  and  Treatment, 
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On  November  26,  the  first  six  trees  were  dug  up  and  the  roots  and 
tops  were  weighed  separately.  On  the  same  date,  measurements  of 
the  circumference  and  height  were  taken  for  all  the  trees.  The  follow- 
ing tables  show  the  measurements  taken  before  and  after  the  growing 
season  and  the  weight  of  each  of  the  first  six  trees. 


TABLE  I. — Influence  of  Dynamiting  on  Growth  of  Young  Trees 

(White  Experiment), 

(A)  Trees  Planted  in  Holes  not  Dynamited. 
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(B)  Trees  Planted  in  Dynamited  Holes. 
Weight  November  26, 
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(C)  Trees  Planted  in  Dynamited  Holes. 
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(D)  Trees  Planted  in  Holes  Not  Dynamited. 
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(D)  Trees  Planted  in  Holes  Not  Dynamited. — Continued, 
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The  care  given  these  trees  during  the  summer  was  very  poor. 
Some  died  and  the  tops  were  cut  off  of  a  few  others.  The  care  given 
will  account  to  some  extent  for  the  great  variation  in  growth. 

Tliese  tables  do  not  show  any  appreciable  difference  in  growth 
between  the  trees  planted  in  dynamited  soil,  dynamited  at  2  ft.,  2  ft. 
6  in.,  3  ft.,  3  ft.  6  in.,  or  4  ft.  in  depth.  Comparing  the  trees  planted 
in  dynamited  soil  with  those  planted  in  soil  not  dynamited,  there  is 
a  growth  in  circumference  of  .272  in.  to  .25  in.  or  .022  in  favor  of 
trees  grown  in  dynamited  soil,  while  of  the  growth  in  height  there 
is  7.71  in.  to  6.53  in.  or  1.18  in.  in  favor  of  the  trees  grown  in 
dynamited  soil.  In  circumference  and  in  height,  the  growth  is  in 
favor  of  the  trees  c:rown  in  the  dynamited  soil.  In  both  cases  the 
difference  is  small,  in  fact  no  more  than  would  be  naturally  expected 
in  measuring  a  lot  of  trees,  especially  those  given  rather  poor  care. 


Experiment  No.  IB. 

Experiment  trith  Newly  Planted  Apple  Trees  on  the  Farm  of  J.  H. 

Johnston,  New  Wilmington,  Pennsylvania. 

On  May  9,  thirty  five  one  year-old  Langford  apple  trees  were  planted 
forty  by  forty  feet  apart.  Numbers  1  to  5  and  31  to  35,  inclusive, 
were  planted  in  holes  where  no  dynamite  had  been  exploded.  Num- 
bers from  G  to  30,  inclusive,  we:e  planted  in  holes  where  dynamite  had 
been  exploded.  The  ground  was  very  wet  at  the  time  the  dynamiting 
was  done  and  the  trees  were  planted.  The  circumference  and  the 
height  of  each  tree  were  measured.  The  depth  of  explosion  and  the 
size  of  charge  are  shown  in  the  following  plan : 
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The  following  tables  show  the  measurements  taken  at  planting 
time  and  at  the  end  of  the  growing  season: 


TABLE  II. — Influence  of  Dynamiting  on  Growth  of  Young  Trees 

(Johnston  Experiment). 

(A)  Trees  Planted  in  Dynamited  Holes. 
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7 
19 

11.75 
14.67 


*Top  dead. 

The  ground  was  very  wet  when  these  trees  were  planted  and  it  re- 
mained in  a  wet  condition  the  greater  part  of  the  summer.  The  care 
given  the  trees  was  good.  The  ground  was  frequently  cultivated  and 
kept  clean  from  we^s  throughout  the  growing  season. 

These  tables  do  not  show  any  appreciable  difference  between  the 
growth  of  trees  planted  on  soil  dynamited  at  depths  of  2  ft.,  2  ft  6  in., 
3  ft.,  3  ft.  6  in.,  or  4  ft.  Comparing  the  circumference  of  trees  planted 
in  dynamited  soil  with  those  planted  in  soil  not  dynamited,  there  is 
.203  in.  to  .215  in.  or  .012  in.  in  favor  of  the  trees  planted  in  dyna- 
mited soil,  while  in  height  there  is  14.67  in.  to  11  in.  or  3.67  in.  in 
favor  of  the  trees  planted  in  soil  not  dynamited.  The  difference  in 
circumference  amounts  to  nothing.  The  difference  in  height  is  too 
small  to  be  significant. 

Experiment  No.  2. 

Rejuvenating  Apple  Trees. 

To  Determine  the  Effect  of  Dynamiting  on  Mature  Fruit  Trees. 

This  experiment  was  conducted  in  two  orchards  with  conditions 
practically  the  same.  Both  orchards  were  in  Lawrence  County. 
One  orchard  belongs  to  J.  B.  Johnston,  New  Wilmington,  Pa.,  and  the 
other  to  J.  A.  Boak,  R.  P.  D.  No.  4,  New  Castle,  Pennsylvania.  In 
both  orchards.  Red  Cross  twenty  per  cent,  dynamite  was  exploded 
in  the  soil  on  three  sides  of  mature  apple  trees.  The  depths  of  the 
explosions  varied  from  two  to  four  feet.  The  circumference  of  eaxJi 
tree  was  measured  just  above  a  nail  driven  in  the  tree  about  eigh- 
teen inches  from  the  ground.  These  measurements  were  taken  at  5ie 
time  of  the  dynamiting  and  at  the  end  of  the  growing  season.  The 
tables  for  each  experiment  show  the  depths  of  explosions,  the  size  of 
the  charges,  the  yield  of  fruit,  and  the  per  cent,  of  color.  The  record 
of  the  dynamited  trees  is  compared  with  that  of  similar  trees  in 
the  same  orchard,  growing  on  the  same  soil  and  receiving  like  treat- 
ment, but  not  dynamited. 
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Experiment  No.  2A. 

Experiment  with  Mature  Apple  Trees  in  the  Orchard  oj  J.  B,  John- 
ston, New  Wilmington,  Pennsylvania. 

Pop  this  experiment,  ten  Baldwin  apple  trees  about  twenty-five 
years  old  were  selected.  All  the  trees,  dynamited  and  not  dynamited, 
were  fertilized  with  stable  manure.  On  May  9,  the  circumference 
of  each  tree  was  measured  and  Red  Cross  twenty  per  cent,  dynamite 
was  exploded  in  the  soil  on  three  sides  of  five  of  the  trees.  The 
depths  of  the  explosions  and  the  size  of  the  charges  are  shown  in 
the  following  plan : 


Check 
Bow. 


10 
9 
8 
7 
6 


0 
0 
0 
0 
0 


Neutral 
Bow. 


0 
0 
0 
0 
0 


Dynamited 
Bow. 


6  0 

4  0 

8  0 

2  0 

1  0 


Depth  of  BxplosioB. 


4ft.,     

3  ft.  6  in., 

3ft.,    

2  ft.   6  in., 
2  ft 


Bise  of 
Charge. 


1  stick. 
2-3 
2-8 
1 


If 
«< 
<« 


0  Bopresents  the  location  of  trees. 

The  following  table  is  a  record  of  the  measurements  taken  May  9 
and  Oct  12: 

TABLE  III. — Influence  of  Dynamiting  on  Mature  Fruit  Trees  (John- 
ston Experiment). 

(A)  Trees  Not  Dynamited. 


Trees. 


10, 

9, 
8, 
7. 
«. 


Check  Bow. 


Circamference 
Maj  9. 


Inches. 


44.75 

89 

46.75 

44.26 

40.26 


Circumference 
Oct.  12. 


Inches. 


Average, 


46.50 
40.75 
47.25 
44.75 
41.62 


Growth. 


Inches. 


.75 
1.76 
1.50 

.50 
1.87 


1.175 


Dynamited  Row. 


5 

4 

8 

2 

1 

ATerage, 


34 

81.25 

47.50 

38 

45 


86.25 

82 

40 

39.38 

45.50 


1.25 

.76 

1.60 

1.88 

.50 


1.976 
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On  October  12,  the  fniit  was  gathered,  weighed,  sorted  and  the  per 
cent,  of  color  was  determined  as  shown  in  the  following  tables:  . 

(B)  Trees  Dynamited, 


Trees. 

Poundfs   of 
Prult  Pltkwl. 

Pounds   of 
Fruit    Fallen. 

Total. 

/ 

1004  lbs. 

1092     •* 

1404     •• 

708    '• 

714    •• 

30  lbs. 

38  ♦* 
f.9    •* 

39  ** 
48    •• 

1084  lbs 

US    " 

1478    " 

742    " 

767    " 

Avernscp 

983  2-5    Urn. 

42  4-5    lbs. 

1026.2     ll«s. 

Wt.  of  sample. 


k4 

rt 

o 

« 

^£ 

?^ 

i 

■M 

13 

■M 

5 

li 

Ox: 

Q. 

9 

W 

S 

o 

o 

C. 

• 

o 

\ 

o 

■li 

"Si 

.20 

.6' 

'A 

< 

c 

C.I 

HH 

1«S   poonds, 


541 


479  OE. 


241 


800 


44.55% 


55.40 


/« 


(G)  Trees  Not  Dynamited. 


Trees. 

Pounds   of 

Pounds   of 

Total. 

Prult  Picked. 

Fruit   Fallen. 

f, 

• 

872  lbs. 
1188    •• 
1289    •• 

207    '• 
1085    " 

28  lbs. 
72    " 
52    •* 
4    •• 
22    " 

900  lbs 

1260    " 

s        

1841    '* 

°»       

ft 

271    •• 

10     

1067    " 

AW,           ........•.••.••• 



Averages,     . . 

980.2   lbs. 

35  3-5    n>8. 

965.4    lbs. 

■ 

• 

ja 
3f 

1 
-half  or 

3 

li 

colored 
ne-balf. 

o, 

o 

« 

8^ 

o 

o 

o. 

^ 

0 

ii  • 

■ 

Weight  of  sample. 

CI 

€) 

O 

J^ 

9a 

'»•  a 

?2 

o 

> 

olored 
more. 

1-5 

y. 

< 

o 

O 

p4 

t.- 

21ft  noundn.    ..«••*• 

1 

1 

795         A.I?,  oz. 

470  '               a-':l 

ri9.ir<' 

40.9'^ 

'                                 1 

1 

These  tables  indicate  that  among  the  dynamited  trees  the  depth  of 
explosion  had  little  or  no  effect  on  eilher  tlie  growtli  of  the  tree  or 
the  yield  of  fruit.     In  grow^th  of  the  circnmference,  there  is  1.8  in. 
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to  1.08  in.  or  .1  in.  in  favor  of  the  trees  not  dynamited,  wliile  in  yield 
of  fruit  for  each  tree  there  is  an  average  of  1026  pounds  per  dyna- 
mited tree  to  965  pounds  per  tree  not  dynamited,  or  61  pounds  in 
favor  of  the  dynjimited  tiees.  The  tables  show  a  great  variation  in  the 
yield  of  different  trees  of  both  the  dynamited  row  and  the  row  not 
dynamited.  This  variation  is  no  more  than  might  occur  when  se- 
lecting trees  at  random.  The  results  prove  nothing  but  indicate 
V'fxt  there  is  a  possibility  that  dynamiting  may  increase  the  yield  of 
fruit. 


Experiment  No.  2B. 

Experiment  tdth  Mature  Apple  Trees  in  the  Orchard  of  J,  A.  Boak, 

R.  F.  I).  A'o.  Ji,  New  Castle,  Pennsylvania. 

For  this  experiment,  ten  Baldwin  apple  trees  about  twenty-five 
years  old  were  selected.  All  the  trees,  those  dynamited  and  those  not 
dynamited,  were  fertilized  with  stable  manure.  On  May  14,  the  cir- 
cumference of  each  tree  was  measured  and  dynamite  was  exploded 
in  the  soil  on  three  sides  of  five  of  the  trees.  The  depth  of  the  explo- 
sions and  the  size  of  the  charges  are  shown  in  the  following  plan: 


Chock  Row. 


10  0 
9  0 
8  0 
7  0 
«    0 


Noutrnl  Row. 


0 
0 
0 
i> 

0 


Dynamited 
Row. 


5 
4 

8 
2 
1 


0 
0 
0 
0 
0 


Depth  uf  Bx  plosion 


4  ft 

3  rt     6   in., 

3  ft 

2  ft.   6  in., 
2  ft. 


Size  of 
Charge. 


1     stick. 
2-8      " 
i 
h 

1-3 


The  following  table  is  a  record  of  the  measurements  taken  May  14 
and  October  14: 


TABLE  IV, — Influence  of  Dynamiting  on  Mature  Fruit  Trees  (Boak 

Experiment). 


Trees. 

Circumference 
May  14. 

Circumference 
Oct.  14. 

Growth. 

10, 

(?hcck   Row. 

Inches. 

41.25 

41 

3S.75 

3G 

35.50 

Inches. 

43.12 

41.88 

40 

37.38 

36 

Inches. 

1.87 

9, 

.88 

ft. 

1.26 

7, 

1.38 

6. 

; 

.50 

AveraRc, 

1.176 

5. 

Dynamited  Row. 

43  50 

89 

36.50 

30.75 

84.50 

45.38 
41.62 
87.«?8 
31.75 
33.50 

1.88 

4, 

1.61 

?. 

1.88 

•1 

1 

1. 

1 

Avcrngo,   . 

1 

1.376 

14 

On  October  14,  the  fruit  was  gathered,  weighed,  sorted,  and  the 
per  cent,  of  color  was  determined  as  shown  in  the  following  tables: 


(B)  Trees  Dynamited, 

Trees. 

Pounds  of 
Fruit  Picked. 

Pounds  of 
Fruit   Fallen. 

Total. 

1      

147  IbB. 
7    •• 
267    '• 

136    " 
89    •• 

48     lb«. 
1.5    " 
87       •* 
44       " 
29       *• 

190     Iba. 

2       

8.5    •• 

*»    • • 

s 

804 

4 

180       ** 

6                                                        -..-.-.  

118 

W|           ..•••••.••...... 

■ 

129.2  lbs. 

Sa.4  lbs. 

160  lbs. 

Weight  of. Sample. 


I 


i 


I 

I 

« 


t4 

o 

O 


si 


9 

XI 


8 


H 
K 

o 

H 

So 


o 

as 

a*— 


96i   pounds, 


868 


4.21  OS. 


297 


86 


81.89& 


18.2% 


(C)  Trees  not  Dynamited. 


Trees. 


«.    

7 

8 

9 

10 

Ayerages, 


Pounds  of 
Fruit  Picked. 


2(76  lbs. 
223    •• 

146    " 

187 
281 


It 


212.60  Ibe. 


Pounds  of 
Fruit   Fallen. 


68  lbs. 
89    •• 
46 
26 
54 


4« 

11 
It 


45.2  lbs. 


ToUl. 


838  lbs. 
262    •• 
192    •• 
162    *• 


26.78  lbs. 


Weight  of   Sample. 


%4 

o 

a 

00 

■8s 

1 

a 

at 

VI 

if 

"S 

xa 

1 

« 

a 
c 

X) 

1. 

is 

cent,    color 
balf  or  moi 

o 

■ 

< 

Colon 
mor 

h 

6° 

i 
^^'S 
£" 

^1 

o 
a  « 


cu- 


lls {)Ounds, 


428  '     4.19  oz. 


348 


80 


81.8% 


18.7% 


These  tables  do  not  show  that  the  depth  of  explosion  had  any  in- 
fluence on  the  growth  of  the  trees  or  tflfe  yield  of  fruit.  In  circum- 
feronco  there  is  1.376  to  1.170  in.  or  .2  in.  in  favor  of  the  dvnii- 
mited  trees,  while  in  yield  of  fruit  for  each  tree  there  is  an  average 
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of  258  pounds  to  160  pounds  or  98  pounds  in  favor  of  the  trees  not 
dynamited.  This  variation  is  no  more  than  would  be  expected  when 
selecting  trees  at  random.  The  results  prove  nothing,  but  indicate 
very  strongly  that  the  dynamite  had  little  or  no  influence  on  either 
yield  or  growth  during  the  first  year. 

In  these  two  experiments,  the  results  are  not  very  conclusive.  In 
Experiment  A,  the  yield  of  fruit  was  in  favor  of  the  dynamited  trees, 
while  in  Experiment  B,  it  was  in  favor  of  the  trees  not  dynamited. 
In  Experiment  A,  the  circumference  growth  was  in  favor  of  the  trees 
not  dynamited,  while  in  Experiment  B,  it  was  in  favor  of -the  dyna- 
mited trees.  In  Experiment  A,  the  per  cent,  of  apples  colored  one- 
half  or  more  was  greater  for  the  trees  not  dynamited,  while  in  Ex- 
periment B,  there  is  a  fraction  of  a  per  cent,  in  favor  of  the  dynamited 
trees.  These  results  may  indicate  that  the  dynamite  had  no  effect, 
but  it  would  be  interesting  to  watch  the  results  for  another  year  or 
more. 


Experiment  No.  3.    Subsoiling. 
To  Determine  the  Effect  of  Dynamiting  on  Field  Crops. 

This  experiment  was  conducted  on  two  farms  representing  two 
types  of  soil.  The  Pennsylvania  State  College  farm  in  Centre  County 
represents  the  Hagerstown  clay  loam  and  the  farm  of  J.  H.  John- 
ston, New  Wilmington,  Lawrence  County,  represents  the  Volusia 
silt  loam.  Corn  was  the  crop  grown  in  both  cases  as  it  is  a  con- 
venient crop  on  which  to  keep  exact  records.  The  dynamite  explo- 
sions were  made  in  rows  and  ran  in  the  same  direction  as  the  corn 
rows.  A  record  of  yield  was  kept  of  each  separate  row  of  corn,  so 
that  any  variation  of  yield  between  those  planted  on  dynamited  soil 
and  those  planted  on  soil  not  dynamited  could  be  determined. 

Experiment  No.  3A. 

Experiment  in  Dynamiting  Soil  for  Com  on  The  Pennsylvania  State 

College  Farm, 

The  soil  is  a  Hagerstown  clay  loam  such  as  has  been  previously 
described.  The  natural  drainage  has  always  been  considered  very 
good,  since  there  has  never  been  any  evidence  of  poor  drainage.  The 
plat  was  in  an  old  sod  field  that  had  been  used  for  pasture.  The 
dynamiting  was  done  by  Mr.  A.  B.  Burkholder,  a  professional  demon- 
strator for  the  E.  I.  du  Pont  de  Nemours  Powder  Company.  The 
soil  was  dry  enough  to  plow  and  was  said  to  be  in  proper  condition 
for  dynamiting. 

The  explosions  were  made  about  fifteen  feet  apart  in  three  rows 
which  were  fifteen  feet  apart  and  which  ran  lengthwise  of  the  plat, 
A  charge  of  about  two  ounces  of  dynamite  was  placed  in  a  hole  about 
three  feet  deep  and  exploded  by  means  of  a  cap  and  fuse.  The 
ground  was  plowed  June  3,  and  living  white  grubs  were  abundant. 
The  corn  was  planted  soon  afterwards  and  was  cut  October  23,  fairly 
well  matured,  since  no  hard  frosts  occurred  before  October  10.  The 
plat  was  two  hiiiidied  and  sixty  feet  loiij?  and  eighty-seven  feet  wide. 
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Tlie  corn  rows  were  lliree  and  oue-tbird  feet  apart.  The  following 
map  and  tables  will  show  the  position  of  the  dynamite  explosions 
and  the  yield  of  each  row  of  coin. 
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TABLE  V. — Influence  of  Dynatniting  on  Yield  of  Corn  (State  Col- 
lege Experiment). 


1, 

2, 

2. 
4, 

5, 
6. 
i, 
8. 
9. 
30, 

11, 
12. 

13, 
14. 
15. 

:e, 

17. 
18. 

19, 
20. 

21. 
22. 
23. 
24. 

2:., 

2fi. 
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i:oL' 
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88.6 
84.6 
84.9 
77.5 
82.8 
74.8  I 
76.0 
78.4  , 
S2.3 


81'' 

81 

77 

85 

71 

86 

89.5 

84.8 ; 

84.7  ' 
83. 3 
.v.).  5 
94.5 
89.7 
89  9  I 
88.9 
94.1 
101.4  I 


84.7  I 


Oz. 


7  3 

6.7 

0.7 

7.1 

6.9 

6.1 

6.6 

6.4 

7.0 

6.4 

6.6 

6.3 

6.6 

5.7 

6.S 

6.6 

7.1 

6.S 

6.8 

c.;» 

7.4 
7.8 
7.4 
7.7 
7.2 
8.2 


6.9  I 


203 

219 

218 

197 

209 

222 

222 

208 

211 

223 

226 

216 

214 

212 

220 

206 

201 

215 

1113 

2li" 
213 

21  r. 

212 
218 


'J 


Ltm. 

87 
102  wet 

83 

92 

8S 

85 
101 

82 

88 

84 

97  wet 

78 

81 

77 

74  dry 

80 

93 

85 

81 

9S 
106 
106 

90 

118  wet 
100 
126  wet 


213.8 


91.6 


o%. 


G.9 

7.4 

6. J 

7..S 

6.6 

6.1 

7.« 

6.5 

6.7 

6.0 

6.9 

6.8 

6.1 

5.8 

5.4 

6.2 

7.4 

6.3 

6.? 

7.0 

7.» 

7.9 

6.7 

8.4 

7.8 

9.2 


6.8 


The  above  results  show  little  if  any  difference  between  the  rows 
planted  on  the  dynamited  soil  and  those  planted  on  soil  beyond  the 
influence  of  the  explosion.    It  is  probably  safe  to  conclude  that  dyna- 
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miting  is  of  little  if  any  value  on  soils  well  (Lnlned  and  in  })ropei' 
physical  condition.  If  it  has  caused  any  increase  in  fertility  by 
aeration,  by  increasing  the  available  plant  food,  or  in  any  other  way, 
the  amount  has  been  too  small  to  be  noticeable.  The  abundance  of 
white  grubs  would  also  indicate  that  its  use  is  not  very  detrimental 
to  insects. 


Experiment  No.  3B. 

Experiment  in  Dynamitincf  ^oil  for  Corn  on  the  Farm  of  J,  H.  John- 

fitoUy  New  Wilmington,  Pennsylvania, 

The  soil  is  a  typical  Volusia  silt  loam  such  as  has  been  desciibed. 
The  natural  drainage  is  considered  poor.  A  hard  impervious  subsoil 
hinders  tlie  proper  movement  of  water.  The  plat  was  in  a  sod  lield 
from  which  hay  liad  been  cut  three  years.  The  ground  was  very  wet 
at  the  time  the  dynamfting  was  done,  and  was  in  a  wet  condition 
most  of  the  summer. 

Tlie  plat  was  divided  into  four  parts.  The  depth  of  explosions 
and  the  size  of  charge  were  different  for  each  division  of  the  plat. 
In  each  one  tliere  were  two  rows  of  explosions  sixteen  and  one-half 
feet  apart  in  the  row.  The  following  plan  shows  how  the  plat  was 
divided,  the  size  of  the  charge,  the  depth  of  explosion,  and  the  posi- 
tion of  the  explosion. 

North. 


I>ppth  of  explosion  2  ft. 
Charge    1-3    stick. 
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How   fort V- four  starts   the   south 


18 


section  about  thirty-three  feet  west  of  the  west  row  of  shots,  and 
ends  with  row  eighty-five  about  thirty  feet  east  of  the  east  row  of 
shots.  Each  row  was  eight  rods  long;  no  record  was  kept  of  the 
corn  grown  between  the  north  and  south  division  of  the  plat. 

The  following  map  shows  the  location  of  the  rows  and  the  location 
of  the  explosions. 
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The  following  table  shows  the  record  of  each  separate  row: 

TABLE  VI. — Influence  of  Dynamiting  on  Yield  of  Corn  (Johnston 

Experiment). 
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TABLE   VL— Continued, 
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The  ground  in  this  experiment  was  plowed  May  24  and  planted 
June  1.  Cut  worms  were  said  to  be  as  plentiful  on  the  dynamited 
soil  as  elsewhere.  Mr.  Johnston  also  reported  that  he  was  also 
hindered  in  plowing  and  cultivating  by  the  horses  stepping  into  the 
holes  made  by  the  explosions.  From  the  above  results  it  is  probably 
safe  to  conclude  tliat  the  dynamite  had  little,  if  any,  beneficial  effect. 
The  soil  was  wet  when  dynamited  and  remained  wet.  The  dynamited 
ground  from  all  reports  was  as  wet  as  the  ground  not  dynamited. 
It  cannot  be  said  that  the  results  would  not  have  been  different  in 
a  dry  soil,  but  under  conditions  such  as  existed  dynamiting  could  not 
be  considered  profitable. 

Experiment  No.  4.     Drainage. 

To  Determine  the  Effect  of  Dynamiting  on  Swamp  Land. 

This  experiment  was  conducted  on  two  ponds  in  Lawrence  County. 
The  conditions  appeared  to  be  similar,  but  after  investigation  they 
proved  to  be  different  in  some  respects.  Both  ponds  were  in  the 
Volusia  silt  loam  which  has  been  previously  described. 

Experiment  No.  4A. 

Experiment  in  DynanUtinfj  a   Stcarnp   Beloncjing   to  D.   H.   Byler^ 

New   Wilmington,  Pennsylvania, 

This  pond  is  in  an  open  field  near  the  house.  It  covers  about  three- 
fourths  of  an  acre,  about  half  of  which  was  dynamited.  The  water  in 
the  part  of  the  pond  dynamited  did  not  exceed  two  feet  in  depth,  but 
in  no  place  was  it  less  than  one  foot  deep,  except  near  the  edge  of  the 
pond.    The  water  was  about  the  same  depth  in  the  part  not  dyna- 
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mited,  except  in  one  place  it  was  about  two  and  one-half  feet  deep. 
The  top  soil  is  a  black  clay  loam  about  twelve  inches  deep  containing 
a  large  amount  of  decaying  vegetable  matter.  Beneath  this  is  a  layer 
of  fine  blue"  clay,  which  would  not  permit  the  water  to  escape.  Be- 
neath the  clay  there  is  a  coarse  sandy  material.  At  one  time,  per- 
haps fifty  years  ago,  this  pond  was  drained  with  stone  drains,  I  at 
they  have  long  since  ceased  to  be  of  any  value. 

On  May  10  and  11,  about  fifty  charges  of  forty  per  cent,  dynamite 
were  exploded  in  the  subsoil  under  the  pond.  The  explosions  were 
from  fifteen  to  twenty  feet  apart  and  varied  from  four  and  one-half 
to  seven  feet  in  depth.  Most  of  them  were  from  four  and  one-half  to 
five  feet  in  depth.  The  size  of  the  charges  varied  from  two  to  three 
half-pound  sticks  of  dynamite.  About  one  hundred  and  twenty-five 
sticks  were  used  in  the  work.  The  dynamite  was  exploded  by  use  of 
an  electric  blasting  machine. 

During  the  twenty-four  hours  in  whicb  the  work  was  being  done, 
the  water  in  the  pond  fell  one-fourth  of  an  inch.  It  is  not  known 
that  this  fall  of  water  was  wholly  due  to  the  effect  of  dynamiting. 
The  water  has  always  left  the  pond  during  dry  weather,  so  we  would 
naturally  expect  the  water  to  fall  some  in  that  time. 

About  the  middle  of  June  Mr.  Byler  placed  some  six-incli  cement 
tile  a  short  distance  from  the  dynamited  portion  of  the  swamp. 
About  the  first  of  July  the  entire  swamp  was  planted  in  corn.  On 
August  29,  when  it  was  seen  by  the  writer,  the  corn  was  about  tw^o 
feet  high.  Although  the  season  was  very  wet,  there  were  no  large 
puddles  of  water.  The  tile  drained  portion  of  the  swamp  was  the 
driest.  The  part  dynamited  was  drier  than  the  part  not  drained  by 
either  method.  About  fifty  yards  away,  there  is  another  pond,  which 
at  that  time  contained  considerable  water.  It  was  perhaps  two  feet 
deep.  Mr.  Byler  stated  that  in  past  years  this  pond  was  dry  before 
the  pond  under  experiment.  The  writer  again  saw  the  swamp  on 
October  12,  and  conditions  were  practically  the  same.  The  part 
which  was  tile  drained  was  drier  than  the  part  dynamited  and  both 
we7*e  drier  than  the  part  not  drained  by  either  method.  The  pond 
nearby  contained  about  the  same  amount  of  water  as  it  did  on  August 
29.  A  letter  from  Mr.  Byler,  dated  March  18,  1913,  stated  that  the 
results  were  unchanged,  but  that  the  drainage  was  not  thorough 
enough  to  t>i  odnce  a  eood  croy)  of  corn  during  a  wet  season  like  that 
of  1912.  This  crop  of  corn  is  the  only  crop  that  has  been  grown 
on  this  land  for  many  years.  Several  of  the  neighbors  said  that 
they  had  not  seen  the  pond  so  dry  since  the  old  stone  drain  ceased 
1o  work  many  years  ago. 

The  results  of  this  experiment  might  indicate  that  it  is  possible 
under  favorable  conditions,  to  drain  by  dynamiting,  althondi  it  nmv 
not  be  good  as  a  tile  drain,  yet  it  might  be  of  great  service  where 
an  outlet  cannot  be  obtained  for  a  tile  drain. 

Experiment  No.  4B. 

Experiment  in  Dynamiting  a  Sicamp  Belonginfi  to  0.  J.  Brown, 

R.  F,  Z>.  No,  4,  New  Castle,  Pennsylvania. 

This  pond  is  located  at  the  edge  of  a  woodland.  It  is  thickly  cov- 
ered with  trees  and  underbrush,  among  which  are  many  buckle- 
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berries.  For  the  most  part  the  pond  is  between  one  and  two  feet  in 
depth.  In  no  place  is  it  over  two  feet  nor  less  than  one  foot,  except 
near  the  edge. 

In  the  soil  surrounding  the  pond,  from  six  to  fifteen  inches  below 
the  surface,  there  is  a  layer  of  bog  ore  from  three  to  six  inches  thick, 
but  no  bog  ore  was  found  in  the  pond.  In  the  pond,  the  top  soil  is 
a  black  clay  loam  from  twelve  to  eighteen  inches  thick,  which  con- 
tains a  large  amount  of  decaying  vegetable  matter.  The  subsoil  is  a 
very  fine  blue  clay  which  prevents  the  water  from  seeping  away. 
About  five  feet  below  the  surface,  the  clay  apparently  ends  in  quick- 
sand. 

On  May  14,  about  fifty  charges  of  forty  per  cent,  dynamite  were 
exploded  in  the  subsoil  about  twenty  feet  apart,  which  included 
nearly  the  whole  pond.  The  charges  were  placed  about  four  and  one- 
half  feet  below  the  bottom  of  the  pond,  which  seemed  to  be  nearly 
through  the  clay.  From  two  to  three  half-pound  sticks  of  dynamite 
were  used  in  a  charge.  About  one  hundred  and  fifteen  sticks  were 
used  in  the  fifty  explosions.  Often  an  explosion  would  throw  up  water 
in  the  holes  next  to  it,  which  would  be  about  twenty  feet  away.  The 
clay  appeared  to  be  well  broken  up.  Bubbles  of  gas  could  often  be 
seen  escaping  several  feet  away  from  the  explosion.  Some  rain  fell 
while  the  work  was  being  done,  so  no  attempt  was  made  to  deter- 
mine any  variation  in  the  depth  of  the  water. 

On  August  30,  the  writer  saw  the  pond  and  it  contained  consider- 
able water.  Mr.  Brown  stated  that  it  contained  about  the  same 
amount  of  water  as  in  other  years,  that  it  often  became  dry  during  a 
dry  season  but  that  it  had  not  become  dry  during  the  summer  of 
1912  which  was  a  wet  summer.  On  October  15,  the  writer  bored  a 
hole  twenty  feet  deep  at  the  edge  of  the  pond.  The  clay  again  ap- 
peared at  about  seven  feet  below  the  surface  of  the  ground.  The 
clay  was  continuous  to  the  bottom  of  the  hole  with  an  occasional 
mixture  of  coarse  sand,  but  by  far  the  greater  part  was  clay.  How 
much  deeper  the  clay  may  be  is  not  known. 

The  dynamiting  had  little  if  any  efl'ect  on  the  drainage.  This 
swamp  may  represent  a  type  of  land  that  is  probably  impossible  to 
drain  by  dynamiting,  or,  if  possible  to  do  so,  the  cost  of  breaking 
through  a  great  thickness  of  an  impervious  subsoil  into  a  porous  sub- 
stratum would  be  too  great  to  warrant  its  use. 

Experiment  No.  5. 

Blasting  a  Ditch  in  a  Stoamp. 

This  experiment  was  conducted  in  a  swamp  belonging  to  J.  A. 
Boak,  R.  F.  D.  No.  4,  Lawrence  County,  Pennsylvania.  This  swamp 
lies  in  a  broad  valley  and  covers  several  hundred  acres  of  land.  The 
soil  is  a  black  muck  of  great  depth.  Part  of  the  swamp  is  covered 
with  underbrush  but  the  part  where  the  ditch  was  dynamited  was 
covered  with  grass  and  weeds.  The  object  of  the  experiment  was 
to  determine  whether  dynamite  could  be  used  to  shoot  an  open  ditch 
that  would  carry  away  the  water.  For  this  purpose  a  line  of  explo- 
sions was  made  with  Red  Cross  sixty  per  cent.  Hercules  dynamite. 
For  about  twenty-five  feet,  the  holes  were  eighteen  inches  apart 
and  three  feet  deep  and  each  hole  was  loaded  with  a  half  pound  stick 
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of  dynamite.  For  seventy-five  feet  the  holes  were  eighteen  inches 
apart  and  three  feet  deep  and  each  hole  was  loaded  with  one  and  one- 
half  sticks  of  dynamite.  For  the  last  ten  feet,  the  holes  were  twelve 
inches  apart  and  three  feet  deep,  and  each  hole  was  loaded  with  one 
stick  of  dynamite.  The  ground  was  so  wet  and  soft  that  holes  for 
the  explosions  were  easily  made  with  a  stick. 

The  best  results  were  obtained  from  the  shots  where  one  and  one- 
half  sticks  of  dynamite  were  placed  in  holes  eighteen  inches  apart 
and  three  feet  deep.  The  ditch  shot  out  was  fully  three  and  one- 
half  feet  deep,  eight  feet  wide,  and -about  one  hundred  and  ten  feet 
long.  About  eighty  cubic  yards  or  more  of  dirt  were  thrown  out  and 
scattered  along  the  side  of  the  ditch. 

The  results  of  this  experiment  indicate  that  dynamite  is  very  use- 
ful in- excavating  trenches.  It  can  be  done  very  much  more  quickly 
and  with  much  less  labor  than  by  the  use  of  any  ditching  machine. 
In  this  swamp,  the  cost  would  not  be  far  from  eight  cents  a  cubic 
yard,  which  is  probably  not  far  from  what  it  would  cost  were  a 
good  ditching  machine  used ;  since,  however,  the  ground  was  so  wet 
and  soft,  that  it  was  hard  to  walk  over  without  sinking  in,  it  is  very 
likely  that  dynamiting  would  cost  much  less  than  any  other  method. 

Experiment  No.  6. 

Dynamite  as  an  Insecticide  to  Determine  the  Effect  of  Dynamite  on 

Insects. 

In  this  experiment  forty  per  cent,  dynamite  was  exploded  in  ant 
hills.    The  experiment  was  duplicated  to  verify  the  results. 

Experiment  No.  6A. 

On  June  8,  1912,  at  State  College,  Pennsylvania,  one-half  stick 
of  dynamite  was  exploded  in  a  hole  about  two  feet  deep  in  the  center 
of  an  ant  hill.  After  the  explosion  eight  dead  ants  were  found  which 
had  been  crushed  by  the  explosion.  The  other  ants  were  soon  at 
work  repairing  the  damage  done  their  home.  Two  days  later,  June 
10,  they  were  still  at  work. 

Experiment  No.  6B. 

On  June  8,  1912,  at  State  College,  Pennsylvania,  one-fourth  stick 
of  dynamite  was  exploded  in  a  hole  one  foot  deep  in  the  center  of  an 
ant  hill.  A  tight  cover  was  spread  over  the  place  immediately  after 
the  explosion  to  keep  in  the  gases.  After  one  hour  eleven  dead  ants 
were  found,  but  they  had  been  crushed.  The  cover  was  replaced 
and  two  days  later,  June  10,  the  ants  were  working  vigorously. 

This  experiment  indicates  that  in  so  far  at  least  as  ants  are  con- 
cerned, dynamiting  has  very  little  if  any  value  in  killing  insects. 

SUMMARY. 

While  the  results  of  these  experiments  cannot  be  taken  as  conclu- 
sive for  all  conditions,  yet  they  may  indicate  that  the  useful  appli- 
cation of  dynamite  as  a  soil  improver  is  limited.  Its  usefulness  may 
depend  largely  upon  local  conditions.     No  definite  benefits  were 
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derived  from  its  use  in  either  orchard  or  field  crops.  What  it  might 
do  under  different  conditions,  or  over  longer  periods  is  yet  to  be  de- 
termined. One  pond  was  drained  and  the  other  was  not.  Its  use- 
fulness An  shooting  an  open  ditch,  blasting  boulders  and  blowing 
stumps,  cannot  be  questioned.  It  may  be  very  useful  in  draining 
land  where  no  outlet  can  be  found  for  a  tile  drain.  How  permanent 
its  effect  may  be  is  not  known.  As  to  destroying  insects  it  has  not 
proved  to  be  of  any  use.  It  is  probably  safe  to  conclude  that  the 
application  of  dynamite  as  a  soil  improver  is  greatly  limited,  and 
that  it  would  always  be  advisable  to  try  it  ojt  in  a  small  way  before 
investing  much  money  in  its  use. 

Blasting  Boulders  and  Blowing  Stumps  with  Dynamite. 

On  April  24  and  25,  1913,  A.  B.  Burkholder,  a  demonstrator  for 
the  E.  T.  du  Pont  de  Nemours  Powder  Company  gave  a  demonstration 
on  The  Pennsylvania  State  College  Farm  in  blasting  boulders  with 
dynamite.  Notes  were  taken  by  the  writer  and  the  work  w^as  photo- 
graphed whenever  possible. 

Blasting  Boulders. 

The  best  results  are  obtained  in  blasting  boulders  from  a  quick 
acting  dynamite.  Hercules  sixty  per  cent,  dynamite  is  often  used 
for  this  purpose.  The  charge  should  be  placed  on  the  spot  where 
the  stone  would  be  struck  with  a  sledge  if  it  were  small  enough  to 
break  by  sledging.  The  size  of  charge  required  varies  greatly  with 
different  boulders.  The  character  of  the  stone,  its  shape,  whether 
it  is  above  ground  or  how  it  may  be  buried  in  the  ground,  and  how  the 
charge  is  placed,  must  all  be  taken  into  account.  The  only  way  to 
determine  the  amount  of  explosive  required  is  by  judgment  developed 
through  experience.  Fear  of  a  shower  of  s[)alls  prevented  photo- 
graphs being  taken  of  this  part  of  the  work. 

There  are  several  ways  of  placing  a  charge  to  break  a  boulder.  The 
most  common  method  is  called  "Mudcapping."  By  this  method  it 
is  done  by  removing  the  dynamite  from  the  paper,  placing  it  on  the 
stone  in  a  solid  mass  with  a  cap  crimped  on  a  fuse  in  the  center  and 
and  by  covering  the  charge  with  several  inches  of  damp  clay.  "Snake- 
holing"  is  placing  the  dynamite  in  a  hole  that  is  made  beneath  the 
stone.  By  this  method  the  stone  is  not  only  broken,  but  is  thrown 
out  of  its  bed.  "Blockholing''  is  a  method  in  which  the  dynamite  is 
placed  in  a  hole  drilled  in  the  stone.  In  this  method  less  dynamite 
is  used,  but  more  labor  is  required  than  in  either  of  the  other 
methods. 

Blowing  Stumps, 

Blowing  stumps  can  be  learned  only  by  experience.  So  much  de- 
pends on  local  conditions  that  almost  everything  depends  on  the  judg- 
ment of  the  operator.  In  determining  the  size  of  charge  and  how  it 
should  be  placed,  he  must  consider  the  size  of  the  stump,  whetlier 
it  is  green  or  partly  decayed,  the  character  of  the  soil  and  .subsoil, 
and  whether  the  ground  is  wet  or  dry.  To  use  the  smallest  amount 
of  djTianiite  he  should  so  place  the  charge  that  the  spot  offering  the 
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greatest  resistance  will  be  struck  the  hardest.  To  do  this  with  some 
stumps,  it  may  be  necessary  to  bore  into  the  tap  root,  or,  if  a  very 
large  stump  is  partly  decayed  in  the  center,  it  may  be  difficult  to 
properly  locate  the  charge.  So  much  depends  on  the  judgment  of 
the  operator  to  secure  the  best  results  at  the  minimum  cost  that  it  is 
impossible  to  give  directions  as  to  the  amount  of  dynamite  required 
and  how  to  locate  the  charge. 

Blowing  out  trees  is  done  in  the  same  manner  as  blowing  stumps, 
but  as  the  tree  has  more  weight  a  little  more  dynamite  is  required 
to  lift  it  out  of  the  ground  than  would  be  necessary  for  a  stump  of 
the  same  tree. 

The  following  is*  a  photograph  of  a  stump  blown  out  with  forty  per 
cent,  dynamite  on  The  Pennsylvania  State  College  Farm  April  25, 
1912. 
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AN  OUTFIT  FOR  BORING  TAPROOTED  STUMPS  FOR 
BLASTING. 

By  Barry  Thompson. 
AgricuUuTvit ,  Office  of  Farm  Management. 

INTRODUCTION. 

In  using  explosives  to  blast  stumps  from  the  ground  in  order  to 
prepare  it  for  farming,  it  is  comparatively  easy  to  place  the  charge 
under  a  stump  having 
a  semitaproot  or  a  lat- 
eral system  of  rooting 
by  boring  or  dicing  a 
hole  in  the  earth  to  a 
point  under  the  center 
of  resistance  and  deep 
enough  to  give  the  de- 
sired effect. ' 

PLACING  THE  CHARGE.    !«£ 


When  clearing  land 
whero  most  of  the 
stumps  are  taprooted, 
as  in  the  longleaf-pino 
regions  of  the  South, 
it  has  been  foimd  im- 
practicable to  place 
the  charge  in  tlie  eartli  *'"'■ ' 
outside  of  the  stump, 
as  this  practice,  because  of  the  small  size  of  the  lateral  roots,  usually 
results  in  blowing  the  dirt  away  from  one  side  and  only  cracking  and 
shglitly  loosening  the  stump. 


■  For  Dielhoda  of  oslnit  [wwder  In  blaslinii  stiun; 
wBiern  Waihinglim,"  by  Kmy  Thompsoo  U.S. 
Bulletin  Ba,  eo  p.,  2S  flg.,  19IZ. 

Note.— This  paper  f^vea  delaJled  intarmatloii  i 
fcr  htaitlng.  In  thwc  nertioas  nl thecounti;  whHe 
ttw  imtt  oF  clearing  land  [«  Hgilcultunl  purpoan. 
(Mir-Bull.  aoe-K 
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To  get  the  best  results  when  blasting  these  stumps,  the  charge  must 
be  placed  within  the  taproot.  To  do  this,  a  hole  of  sufficient  size  and 
deep  enough  to  place  the  explosive  at  the  center  must  be  bored  into 
the  stump.  The  hole  should  be  bored  so  deep  that  the  center  of  the 
chaige  will  be  at  or  near  the  center  of  the  taproot.     (Fig.  1.) 

The  hole  should  be  started  into  the  stump  from  6  to  10  inches  below 
the  surface  and  should  slant  downward  at  an  angle  of  about  45°. 
When  stumps  are  blasted  in  this  manner  most  of  them  will  be  broken 
ofE  below  the  plow  line.     (Fig.  2.) 


Fro.  2.  -Result  of  blutlag  a  loiigl<aF-pln«  stump  b;  placing  s  chujta  within  the  stump. 

Boring  these  holes  by  hand  with  a  11-inch  or  li-inch  auger  is 
heavy  work  and  in  some  cases  will  require  two  men  when  a  ship 
auger  is  used. 

POWER  OUTFIT  FOR  BORING  STUMPS. 

Several  turpentine  companies  who  are  using  the  stumps  of  the 
longlcaf  pine  for  <listillation  purpi>ses  have  assembled  outfits  for 
boring  these  holes  by  means  of  electric  drills,  with  power  supplied 
by  a  (IjTiarao  run  by  a  gasoline  engine  and  mounted  upon  a  wagon, 

The  outfit. — Tlie  outfit  consists  of  the  following:  One  5-horsepowor 
horizontal  gasoline  engine,  one  3-kilowatt  dynamo,  all  mounted  on 
skids  or  a  wagon  and  drawn  by  a  team  (fig.  3);  two  electric  drills 
using  U-inch  augers  of  the  required  length  (fig,  4),  together  with 
the  necessary  cables  for  connecting.  Augers  30  inches  in  length 
are  commonly  used,  although  it  is  often  desirable  to  drill  to  a  greater 
depth.  For  tliis  purpose  a  supply  of  augers  4  feet  in  length  is  kept  on 
hand.    The  longer  augers  break  more  frequently  than  the  shorter  ones. 
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The  crev}. — It  requires  a  crew  of  six  to  run  this  boring  machine, 
as  follows ;  An  engineer  an<l  driver,  four  drill  men  (two  for  each  drill), 
and  a  cable  man  or  boy, 

METHOD  OF  OPERATING. 

After  the  engine  and  dynamo  have  been  securely  mounted  upon 
skids  or  a  wagon,  as  shown  in  figure  3,  the  outfit  is  taken  to  the 
stump  field,  the  engine  is  started  by  the  engineer,  and  the  drills 
are  supplied  wfih  current  from  the  dynamo,  Each  drill  is  operated 
by  two  men  and  can  be  used  on  opposite  sides  of  the  outfit  for  a 
distance  of  about  100  feet.     The  cable  boy  keeps  the  cables  from 


Pia.  3.— Ontflt  for  boring  laprDalnl  it  amps  for  blasting. 

fouling  on  the  stumps,  lo^,  and  underbrush.  He  also  keeps  them 
from  kinking,  which  would  cause  the  copper  wires  to  break. 

When  the  hole  is  bored  to  the  desired  depth  (see  fig.  4),  the  drill  is 
removed  and  a  handful  of  chips  put  upon  tlie  top  of  the  stump  to 
show  that  it  has  been  bored. 

An  outfit  of  this  sort  drilled  500  stumps  a  day  on  an  average  during 
the  month  of  May,  1913.  The  average  cost  per  stump  for  the  holes 
drilled  was  slightly  loss  than  3  cents.  This  cost  takes  into  account 
repairs,  depreciation,  and  interest,  as  well  as  operating  expenses. 

An  outfit  of  this  kind  could  be  utilizrd  for  boring  tho  stumps  for 
burning  by  the  method  described  by  Ferris.' 

Although  the  companita  operating  these  machines  do  not  usually 
attempt  to  blow  the  stumps  from  far  enough  below  the  ground  surface 
for  agricultural   purpos<»s,  it  is  estimated  that  digging  away  the  soU 

'Fonia.K.U.    Ooarlng  pinalanrtfl.    Mba.  Agr.  Eip.  Pta.  Bull.  1S9,  13  p.,  <  !!«.,  mi. 
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near  the  stump  to  purmit  boring  from  6  to  1 0  inches  below  the  sm^ace 
will  not  cost  more  than  2  cents  per  stump. 

RESULTS  OBTAINED  IN  A  TEST. 

In  a  test  conducted  by  one  of  the  companies  operating  a  boring 
out£t  similar  to  the  one  described,  the  dirt  was  thrown  awaj  from 
one  side  of  the  stump  to  a  depth  of  12  inches  and  the  hole  bored 
into  the  stump  at  least  1 0  inches  below  the  surface.  Of  the  100  stumps 
so  blasted,  97  wore  broken  off  below  plow  depth.  The  roots  of  the 
remaining  3  stumps  were  easily  cut  out  low  enough  to  permit  cultiva- 
tion.    Slightly  less  powder  was  used  upon  these  stumps  than  where 


Fin.  4.— Boring  a  loagleaf-plna  stump  wlUi  an  electric  drllL   A  SO-lncb  hole  baa  ]iut  been  oomplated. 

the  holes  were  bored  at  the  sm-face  of  the  ground.  The  total  aver- 
age cost  for  digging,  boring,  and  blasting  was  22  cents  per  stump. 
TTiis  cost  does  not  include  the  disposal  of  the  stumps,  as  the  tops 
and  roots  were  used  for  distillation  purposes. 

Average  cost  per  stump/or  digging,  boring,  and  bUuling. 

Digging  hole 90-020 

Boring  stump 030 

Clip  and  f  uso 025 

Powder  (using  an  avuragB  fhargo) 145 

Total 220 
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GRADE  OF  POWDER  TO  USE. 

It  has  been  found  by  those  engaged  in  blasting  the  taprooted 
stumps  that  the  lower  grades  of  nitroglycerin  powders  are  most 
economical.  The  higher  grades  have  more  of  a  disruptive  effect, 
tending  to  shatter  the  stump,  but  they  do  not  throw  it  out  of  the 
ground  as  well  as  the  lower  grades  of  powder.  There  is  very  little 
difference  in  the  effect  secured  by  using  20  per  cent  and  25  per  cent 
powder.  The  20  per  cent  powder  is  cheaper  and  is  generally  con- 
sidered the  most  suitable  for  stump-blasting  purposes. 

COST  OF  THE  OUTFIT. 

The  following  prices  for  an  electric  stump-boring  outfit  are  f.  o.  b. 
distribution  point,  and  freight  charges  should  be  added  to  the  place 
where  used. 

Necessary  equipment  for  boring  stumps^  with  cost. 

5-lioi8epower  gasoline  engine $115 

3-kilowatt  dynamo 185 

2  electric  drills 80 

6  augers,  assorted  lengths 25 

200  feet  of  cable 20 

Skids 10 

Tools 25 

Total , 460 

CONCLUSION. 

By  using  one  or  more  electric  boring  outfits  it  is  possible  in  a  very 
short  time  to  bore  a  large  number  of  stumps  for  burning  or  blasting. 
The  number  of  longleaf-pine  stumps  per  acre  that  had  to  be  bored 
in  the  tests  varied  from  20  to  70.  As  an  average  of  about  500  stumps 
a  day  can  be  bored,  from  10  to  20  acres  can  be  covered  in  one  day,  the 
maximum  number  of  borings  being  possible  where  the  stumps  are 
thickest. 

The  cost  of  clearing  land  with  this  outfit  and  the  use  of  nitrogycerin 
powder  will  range  from  $5  to  $18  per  acre,  provided  the  wood  from 
the  stumps  and  roots  can  be  sold  for  enough  to  pay  for  their  disposal. 
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One  of  the  five  great  Atlas  Farm  Powder  plants. 
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Atlas  Fami  Powder  is  an  improved  form  of  dynamite.  It  is 
put  up  in  sticks  about  an  inch  and  a  c]uarter  thick  and  eight 
mches  long.  From  98  to  100  of  these  sticks  fill  a  50-pound  mx. 
This  high  explosive  is  made  especially  to  give  the  best  results  in 
blasting  soil,  stumps,  etc.  It  is  the  safest  explosive  adapted  to 
agricultural  purposes,  and,  when  properly  stored,  it  retains  all  its 
safety  and  efficiency  for  years. 

In  this  book  we  explain  why  the  blasting  of  the  soil  is  of  such 
■great  value.  We  tell  wny  ditching  can  be  done  with  explosives  so 
much  better  than  in  any  other  way,  and  how  little  it  costs  to 
remove  stumps  and  stones  with  explosives.  Complete  and  detailed 
directions  are  given  for  handling  the  explosive,  and  for  doing  all 
the  work. 

Atlas  Farm  Powder  is  concentrated  energy  that  can  be  used 
to  do  many  kinds  of  farm  work  better  than  they  can  be  done  in 
any  other  way.  It  is  a  substitute  for  engines,  horses,  tools  and 
men.  It  is  always  ready.  It  does  the  work  in  a  fraction  of  the 
time  other  methods  require.  Its  energy  can  be  used  without  any 
waste. 

The  needs  on  farms  are  cheaper  power,  cheaper  plant  food, 
and  more  abundant  water  during  dry  seasons.  With  present 
methods  there  are  neither  men  nor  time  to  do  the  work  required. 
Atlas  Farm  Powder  rightly  used  will  solve  these  problems.  It  is 
a  means  to  grow  bigger,  better  crops  at  far  lower  cost— to  keep 
up  and  increase  the  fertility,  and  to  make  farm  business  more 
prosperous. 

Atlas  Farm  Powder  is  made  at  five  different  plants,  located 
to  the  best  advantage  for  shipping.  It  is  shipped  from  magazines 
in  every  important  centre.  This  assures  low  freight  rates  and 
prompt  delivery. 

The  Atlas  policy  is  "Safety  first,"  regardless  of  cost.  Only 
the  finest  grade  of  raw  materials  is  used  m  making  Atlas  explo- 
sives.  They  are  tested  at  every  stage  of  their  manufacture  into 
the  Powder  by  a  thoroughly  equipped  chemical  laboratory,  and 
every  lot  of  the  Powder  is  tested  when  made. 

Atlas  Farm  Powder  is  sold  by  dealer^  everywhere;  your 
home  dealer  can  take  your  order.  It  is  easy  to  buy,  easy  to  use, 
and  inexpensive. 
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THE  WORK  THAT  EXPLOSIVES  WILL  DO 
IN  THE  MOST  SATISFACTORY  WAY 

The  following  kinds  of  farm  work  ma}r  be  done  with  explo- 
sives more  quickly,  cheaply  and  better  than  in  any  other  way: 

Subsoiling  farm  land  for  all  crops. 

Preparing  beds  for  young  fruit  and  shade  trees. 

Making  ditches. 

Removing  and  breaking  up  stumps  and  trees. 

Throwing  out  and  breaking  up  boulders  and  ledges  of  rock. 

Making  post  holes. 

Excavating  cellars  and  foundations. 

Quarrying  rock. 

All  of  these  things  may  be  done  perfectly  with  Atlas  Farm 
Powder  or  Atlas  Powder,  which  have  advantages  over  any  other 
explosives  for  these  purposes. 

Thorough  consideration  is  given  to  each  of  these  uses  in  this 
book.  We  tell  why  the  work  should  be  done,  what  its  results 
.are,  give  its  cost  and  its  profit,  and  explain  fully  the  methods  of 
using  explosives  to  accomplish  the  vanous  purposes.  Subsoiling 
and  orchard  work  are  so  far-reaching  in  effects  and  so  great  in 
value  that  they  will  be  taken  up  first. 


EXPLOSIVES  USED  IN  CULTIVATION 

If  you  explode  a  proper  charge  of  Atlas  Farm  Powder  in  the 
right  place  in  your  sou,  tne  effect  on  plants  or  trees  is  to  produce 
much  heavier  srowth  and  larger  yields  of  erain  or  fruit  than  you 
otherwise  would  get.  There  are  thousands  of  examples  of  this. 
The  facts  cannot  oe  doubted.  A  few  typical  examples  are  cited 
here. 

In  Kansas  last  summer  a  field  of  com  that  was  subsoiled  with 
Atlas  Farm^  Powder  grew  big  and  green  right  through  twelve 
weeks  of  rainless  weather  while  other  com  around  it  wilted  and 
failed  to  develop. 

In  New  Jersey,  peach  trees  planted  in  beds  prepared  for 
them  with  explosives  made  an  average  growth  of  1378  inches  of 
limbs  last  season,  while  other  peach  trees  alongside  of  them, 
planted  at  the  same  time  in  ordinary  holes,  grew  only  555  inches. 
Apple  trees  planted  in  blasted  holes  at  the  same  place  developed 
root  systems  four  times  as  large  as  those  of  apple  trees  set  near 
them  m  holes  that  were  dug  by  hand. 

A  wheat  field  in  Pennsylvania  was  subsoiled  with  Atlas  Farm 
Powder  and  it  grew  plants  that  were  five  feet  high  and  yielded 
forty  bushels  an  acre.  Other  wheat  beside  it  yielded  only  eigh- 
teen bushels  an  acre.  Two  parts  of  an  oat  field  on  the  same 
farm  showed  differences  of  more  than  twenty  bushels  in  the 
yields,  the  increased  productiveness  being  due  to  subsoiling.  A 
subsoiled  cotton  field  in  Oklahoma  3rielded  1775  pounds  to  the  acre, 
against  less  than  half  that  yield  for  a  field  not  subsoiled. 
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The  action  of  escplosives  in  the  soil  caused  these^increases  of 
growth  and  yield.  The  absence  of  similar  increases  in  unsub- 
soiled  land  adjoining,  that  otherwise  had  exactly  the  same  treat- 
ment, proves  that  to  be  true.  But  what  were  the  conditions  that 
the  blasting  brought  about?  What  processes  occurred  in  the  soil 
to  make  the  roots  in  blasted  ground  feed  the  plants  so  much  more 
abundantly  and  certainly  than  they  did  elsewhere?  Did  the 
blasting  supply  plant  food  ?  Or  did  it  just  give  roots  better  chances 
to  use  food  already  there?  Did  the  blasts  change  the  structure 
or  the  texture  of  the  soil?  These  questions  must  be  answered  if 
you  are  to  judge  intelligently  how  much  money  the  use  of  explo- 
sives will  make  for  you  on  your  farm  or  in  your  orchard. 

WHAT  SOIL  IS  AND  HOW  IT  IS  USED 
BY  PLANTS  AND  TREES 

The  growth  of  plants  or  trees  comes  from  just  four  sources — 
the  ground,  the  air,  the  sun  and  water.  Before  plants  or  trees  ever 
began  to  grow  on  this  earth  there  was  no  loose  ground  or  soil  at 
all.  The  earth  was  rock.  That  is,  it  was  minerals  bound  to- 
gether solidly.  Our  present-day  rocks  usually  are  composed  of 
such  minerals  as  lime  or  silica  or  glass  (glass  sand).  These  are 
minerals  as  truly  as  iron  or  coal. 

As  the  winters  and  summers  passed,  water  began  to  wear 
away  and  dissolve  the  softer  minerals  in  the  rock.  After  a  time 
there  appeared  mosses  and  rock  plants  which  sent  their  roots 
into  the  crevices  the  water  had  worn  out  and  helped  to  wear  the 
soft  rock  deeper  and  to  split  it  apart.  When  these  plants  died 
they  gave  off  acids  which  helped  the  water  greatly  to  dissolve 
more  rock  and  to  dissolve  it  faster. 

Frost,  and  heat  from  the  sun,  hastened  the  processes  until 
the  softer  minerals  were  carried  out  from  among  tne  harder  ones. 
What  was  left  was  the  caved-in  remainder  of  minerals  that  resisted 
the  water  and  heat  and  cold,  and  became  mixed  with  the  remains 
of  plants  that  grew  and  died.  This  is  soil.  The  differences  in  the 
kinds  of  soil  are  due  to  the  different  minerals  which  formed  the 
original  solid  rock.  Some  of  them  had  coarse  particles  and  made 
sandy  soil.    Others  had  fine  particles  and  made  loam  and  clay. 

The  difference  between  top-soil  and  subsoil  is  only  a  differ- 
ence in  the  stage  of  decomposition  or  disintegration  of  the  mineral 
particles  and  of  the  amount  of  the  remains  of  plants,  or  organic 
matter,  which  is  mixed  with  the  mineral  particles.  Ground  near 
the  surface  has  been  exposed  to  the  action  of  heat  and  cold  and 
water  and  plants,  and  has  been  changed  more  than  the  ground 
under  the  surface. 

Plants  use  soil  in  three  ways.  They  anchor  themselves  in  it 
so  their  roots  can  go  in  search  of  food  in  the  ground  and  their 
leaves  can  go  in  search  of  food  in  the  air.  They  consume  the  min- 
eral elements  which  compose  the  soil.  They  use  the  soil  as  a 
** table"  on  which  to  consume  food  supplied  from  elsewhere — 
that  is,  as  a  carrier  of  plant  food  secured  from  outside  of  the 
ground. 


This  picture  and  th«  one  below  show  two  parts  of  same  field  on  farm  of  L. 
J.  Zug,  Lebanon,  Pa.,  soil  identical.  This  part  product  snly  half  »s  much  grain 
as  the  other. 


1  Powder.     Note  the  half  stick  of 


After  you  blast  the  beds  of  trees  or  subsoil  the  orchard  ground,  you  need  m 
ing  but  a  shovel  to  make  the  tree  holes,  though  a  furrow  as  shown  may  save  ti 


n  be  atciibuced  directly  to  subsoil* 
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WHAT  PLANT  FOOD  IS  AND  HOW 
THE  ROOTS  ABSORB  IT 

Plants  consume  about  twenty  different  elements,  counting 
water  as  one.  All  but  four  of  these  are  used  in  very  small  quan- 
tities and  are  found  everywhere,  so  they  may  be  ignored  in  this 
analysis,  just  as  they  may  be  ignored  by  farmers  and  fruit  growers. 
Every  foot  deep  of  soil  over  an  acre  contains  thousands  of  pounds 
of  them,  and  a  few  ounces  is  enough  to  grow  a  crop.  The  elements 
that  are  used  to  supply  ninety-eight  per  cent,  of  the  food  of  all 
plants  and  trees  are  nitrogeriy  potashy  phosphorus  and  water. 

Water  for  our  crops  comes  from  rains  or  from  irrigation. 
Nitrogen  originally  comes  from  the  air.  As  soils  now  are,  they 
contam  some  nitrogen.  This  was  put  into  them  by  plants  which 
died  and  became  part  of  the  soil.  Potash  and  phosphorus  come 
entirely  from  the  ground — from  the  orifl;inal  minerals.  Every  bit 
of  soil  of  every  farm  contains  enough  of  these  plant  food  elements 
to  supply  all  the  plants  that  could  grow  in  it  for  a  thousand  years. 
The  ground  for  twenty  feet  or  more  deep  is  composed  largely  of 

Elant  food.  The  reason  plants  cannot  use  it  is  because  it  never  has 
een  broken  down  entirely.  The  agencies  which  transform  the 
minerals  into  available  plant  food  have  not  had  a  chance  to  act. 

Most  domestic  plants  cannot  stand  water  over  the  roots,  but 
must  have  all  the  water  they  need  in  the  ground  near  the  roots. 
Surplus  water  must  drain  away  immediately.  The  storage  in  the 
ground  of  just  enough  water  and  not  too  much,  within  reach  of 
the  roots,  is  made  possible  by  a  force  called  capillarity.  In  its 
action  this  force  is  not  unlike  the  attraction  of  a  magnet.  It 
makes  a  drop  of  water  follow  down  the  lower  edge  of  a  slanting 
board  rather  than  fall  straight  down,  and  it  makes  oil  climb  up  a 
lamp  wick. 

In  the  ground  each  little  particle  of  soil,  or  mineral,  so  small 
in  clay  we  cannot  see  them,  but  easily  seen  in  sand,  is  surrounded 
with  a  film  of  water  that  is  held  to  it  by  capillarity.  This  film  of 
water  is  so  thin  that  it  is  more  proper  to  call  it  nioisture.  ^  Roots 
can  take  up  this  moisture,  and  they  prefer  their  water  in  just 
this  condition. 

Plants  and  trees  use  water  to  build  their  wood  and  stalks 
and  leaves  (50  to  95  per  cent,  of  their  weight  is  water),  and  as  a 
carrier  of  other  plant  food.  Each  little  film  of  moisture  about  a 
mineral  particle  in  the  ground  has  dissolved  some  plant  food  if 
there  is  an^r  available,  and  the  roots  absorb  this  by  taking  up  the 
water.  This  water  is  raised  through  the  roots  and  stalks.  After 
the  food  which  it  carries  has  been  used,  the  water  is  given  off  into 
the  air  through  the  leaves.  From  300  to  1500  pounds  of  water 
(36  to  180  gallons)  are  needed  to  grow  one  pound  of  dry  matter. 
Different  crops  require  different  quantities,  and  the  soil  and 
weather  make  a  difference.  Figured  out  on  an  acre  basis,  an  aver- 
age crop  of  hay,  grain  or  fruit  must  have  enough  water  to  make 
a  layer  six  to  twenty  inches  deep. 

Roots  go  to  various  depths,  depending  on  the  condition  of 
the  soil  and  the  kind  of  plant.  If  the  soil  is  as  loose  and  fine  as  it 
should  be,  the  roots  of  grain  plants  will  go  down  four  to  six  feet; 
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grasses,  except  alfalfa,  five  feet;  alfalfa  twenty  feet  or  more; 

Potatoes  three  feet;  apple  trees  ten  feet;  peach  trees  eight  feet, 
f  the  soil  is  not  loose,  the  roots  may  be  confined  to  the  first 
twelve  inches  of  ground.  Within*  whatever  depth  of  ground  the 
roots  occupy  must  be  stored  the  necessary  six  to  twenty  inches  of 
water.  If  it  is  not  there,  the  plants  cannot  possibly  make  full 
growth.  The  problem  is  to  put  the  soil  in  sucn  a  condition  that 
each  little  particle  of  mineral  matter  will  be  surrounded  by  its 
film  of  moisture,  and  to  conserve  this  moisture  so  that  it  will  not 
be  driven  off  by  the  pressure  of  other  mineral  particles  or  drawn  off 
by  the  air  or  sun. 

Water  also  aids  in  making  available  for  plants  the  foods 
secured  from  the  air  and  from  minerals.  One  way  it  does  this  is 
to  dissolve  the  softer  minerals  directly,  as  has  been  described. 
The  other  is  by  aiding  the  growth  and  activities  of  bacteria,  and, 
by  combining  with  air,  to  decompose  stubborn  minerals. 

THE  AIR  A  SOURCE  OF  PLANT  FOOD 

All  the  nitrogen  in  the  world  comes  from  the  air.  Plants 
capture  it  from  air  through  their  leaves  and  through  their  roots. 
Wnen  the  ground  is  as  loose  and  fine  as  it  should  be,  the  soil  con* 
tains  much  air.  This  air  is  in  contact  with  the  films  of  moisture 
about  the  particles  of  the  soil,  and  the  moisture  absorbs  nitro- 
gen directly  from  the  air.  Another  way  in  which  nitrogen  reaches 
the  moisture  films  is  from  dead  wood,  stems,  leaves,  or  animal 
matter.  As  these  are  decomposed,  the  nitrogen  which  they  con- 
tain is  taken  up  by  the  water. 

Air  and  water  working  together  break  down  mineral  plant 
food  elements  by  oxidation.  An  example  of  oxidation  is  the  rust- 
ing of  iron.  Oxidation  helps  materially  to  release  potash  and  phos- 
phorus from  various  minerals.  ^  Air  and  water  work  together  to 
promote  the  greatest  decomposing  and  breaking-down  process  of 
all — ^the  action  of  beneficial  bacteria. 

All  of  the  processes  by  which  the  original  mineral  plant  food 
elements  become  transformed  into  available,  dissolved  plant  food 
have  been  going  on  for  thousands  of  years,  yet  they  have  suc- 
ceeded only  in  breaking  down  the  rock  into  a  softer  stage.  All 
except  a  little  of  the  plant  food  is  still  locked  up  as  tightly  as 
ever.  As  soon  as  conditions  are  right,  certain  small  oi^^anisms 
come  to  the  soil.  Some  of  them  belong  to  the  plant  family,  like 
molds,  etc.,  and  others,  like  bacteria,  belong  to  the  animal  kingdom. 

These  low  forms  of  life  exist  in  the  soil  and  consume  both  the 
remains  of  plants  and  much  mineral  matter.  Bacteria  are  by  far 
the  more  important,  and  we  shall  confine  our  remarks  to  them. 
One  class  thnves  in  the  absence  of  air.  This  class  liberates  plant 
foods  to  a  certain  extent,  but  does  it  in  such  a  way  that  the  foods 
are  wasted  before  the  roots  can  take  them  up.  It  also  actually 
destroys  much  plant  food.  The  other  class  liberates  plant  food 
and  leaves  it  in  the  soil  in  shape  for  the  crops  to  use. 

When  these  beneficial  bacteria  are  numerous  in  the  ground, 
they  accomplish  more  breaking  down  of  insoluble  plant  food  ele- 
ments in  one  season  than  has  taken  place  from  other  causes  for  a 
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thousand  years.  So  great  is  the  result  of  their  work  that,  if  they 
were  destroyed,  plants  could  not  find  enough  available  food  and 
would  starve  to  death.  Plants  therefore  depend  for  their  existence 
on  the  action  of  bacteria  in  the  ground,  and  thrive  in  proportion 
as  the  bacteria  thrive.  The  bodies  of  these  bacteria,  when  they  die, 
fill  the  soil  and  are  the  best  of  the  organic  matter,  or  humus,  the 
necessity  for  which  will  be  explained  later. 

The  productiveness  of  the  soil,  it  will  be  seen,  depends  little 
on  its  kind  or  type,  but  almost  entirely  on  the  stage  of  its  breaking 
down  from  the  original  rock — on  its  decomposition  into  available, 
soluble  plant  food.  The  ground  itself  is  almost  all  plant  food  for 
twenty  feet  down.  The  air  carries  the  elements  that  are  not 
in  the  ground.  Our  problem  is  to  make  these  plant  food  elements 
available,  so  the  plants  may  make  use  of  them. 

When  we  remove  a  crop  we  should  not  aim  so  much  to  replace 
in  the  soil  the  food  elements  it  has  removed  as  we  should  aim  to 
make  available  the  new  plant  food  that  never  has  been  disturbed 
or  used  since  the  world  began.  We  can  do  this  far  more  cheaply 
and  easily  than  we  can  supply  new  plant  food  from  the  outside. 
To  do  it  we  have  onlv  to  bring  about  conditions  required  by  water 
and  air  and  heat  zni  bacteria  in  their  transforming  action. 

Some  men  who  ought  to  know  better  figure — on  paper — 
that  the  onlv  sources  of  plant  food  for  farms  are  manure  and 
commercial  ^rtilizer  and  plants  left  to  rot.  To  keep  up  the  fer- 
tility of  land  by  these  means  while  raising  paying  crops  is  a  hope- 
less task.  The  use  of  explosives  offers  a  new  and  better  way,  which 
is  explained  in  the  following  pages. 


EVIDENCE 


"I  have  a  prosperous  growing  young  orchard  which  will  attest  the  superiority 
of  trees  planted  in  dynamited  holes  over  those  planted  otherwise." 

jT  T.  KELLY,  TimberviUe,  Va. 

"The  plants  on  my  subsoiled  cotton  patch  reach  up  to  my  neck  in  most  places. 
So  far.  by  two  pickings,  I  already  have  taken  off  nearly  2  bales  per  acre.  This 
subsoiled  patch  is  far  ahead  of  und3mamited  cotton.  From  it  I  wul  cut  one^hird 
to  one-half  bale  per  acre.  My  7  acres  of  sweet  potatoes  beat  anvthins  that  is  in 
this  country  for  growth.  They  were  subsoiled,  and^  I  am  sure  of  300  bushels  per 
acre.  My  alfalfa  is  fine  on  dynamited  land.  1  am  just  about  to  make  the  fourth 
cutting." 

ARTHUR  WILSON,  Crosby,  Texas. 

"In  setting  out  2,000  asparagus  roots  this  season,  I  dug  trenches  2}4  feet  deep 
and  found  only  about  a  foot  of  good  topsoil.  The  remaining  depth  was  a  hard  clay 
subsoil.  The  bottom  and  the  sides  of  the  ditch  looked  as  hard  and  smooth  as  a 
stone  walL  The  one  thing  that  seemed  to  be  able  to  conquer  this  condition  was 
explosives.  The  results  were  most  satisfactory.  The  stiff  clay  was  converted 
into  a  mellow  soil  with  far  less  work  than  it  would  have  taken  by  any  other  means." 

E.  S.  BULLOCK,  Julian,  Pa. 

"Holes  were  prepared  for  tree  planting  with  dynamite.  Experiments  in  1905 
proved  to  us  that  dynamite  was  the  cheapest  and  most  effective  method  of  pre- 
paring the  soil  and  opening  the  soil  for  the  planting  of  fruit  trees.  Not  only  was 
the  earth  finelv  powdered,  but  the  usually  compact  soil  surrounding  all  spade- 
dug  holes  was  loosened  up  and  softened  and  made  good  soil  into  which  the  finest 
roots  could  penetrate  with  ease.  Strong  root  growth  in  a  fine  hole  was  made 
possible  in  a  very  short  period  of  time." 
H.  B.  FULLERTON,  Director  L.  I.  R.  R.  Experiment  Station,  Medford,  N.  Y. 


HOW  EXPLOSIVES  INCREASE  GROWTH 
AND  YIELDS  OF  ALL  CROPS 

The  com,  wheat,  oats,  cotton  and  fruit  which  thrived  so  well 
on  subsoiled  land,  grew  fast  and  yielded  big  crops  because  they 
had  bigger,  deeper  roots  and  had  more  water  and  more  food  than 
crops  grown  on  land  prepared  in  the  ordinary  way.  They  grew  in 
soil  that  had  been  broken  down  and  decomposed  freshly  by  the 
action  of  enough  water,  air  and  bacteria. 

These  agencies  released  potash  and  phosphorus  that  had 
been  locked  up  in  the  mineral  particles  of  the  soil.  They  trans- 
formed nitrogen  that  had  been  insoluble  in  old  roots  and  leaves. 
They  added  new  nitrogen  from  the  atmosphere  itself.  Not  an 
ounce  of  fertilizer  was  applied.  Not  a  bit  more  rain  fell  on  these 
fields  than  on  others.  They  were  not  irrigated.  They  were  not 
cultivated  better  than  others.  The  storage  of  the  water,  the 
entrance  of  the  air  into  the  soil,  the  multiplying  of  the  bacteria, 
the  increased  amount  of  plant  food,  all  were  directly  caused  by 
just  one  thing — ^the  action  of  the  explosive. 


You  cannot  grow  heavy  crops  over  a  plow-sole.  Unless  such  land  is  blasted, 
the  roots  are  confined  entirely  above  the  plow~sole.  When  it  ts  broken  up  by 
blasting,  toot)  can  go  many  feet  deep. 

When  a  proper  explosive  such  as  Atlas  Farm  Powder  is  set  off 
in  the  ground  the  expanding  gases  iirst  tend  to  lift  a  layer  of  soil. 
Then,  as  cracks  form  at  the  sides,  the  gases  begin  to  seek  their 
way  to  liberty  through  every  little  crevice  and  between  the  soil 
particles.  They  powder  any  lumps  of  soil  they  strike,  and  slide 
the  particles  of  soil  among  each  other.  All  of  the  air  is  driven  out 
of  the  ground.  The  instant  that  the  pressure  becomes  exhausted 
new  air  rushes  back  into  the  loosened  and  pulverized  soil. 

The  first  result  is  to  bring  thousands  of  pounds  of  new  nitro- 
gen into  the  soil  from  the  atmosphere.  Not  only  is  the  top  six 
inches  or  so  of  the  ground  filled  with  it,  but  it  is  sucked  down  into 
the  ground  by  the  vacuum  caused  by  the  sudden  end  to  the  press- 


ottOD  Celt),  owned  by  Lee  L.  Gait,  Ardinore,  Okla.,  nas  subsoiled  with 
Ic  yielded  177;  pounds  of  seed  cotton  to  the  acre. 


This  field  was  not  subsoiled  with  explosives.  It  has  the  same  soil  aa  the  one 
above,  and  yielded  only6i4  pounds  to  the  arte. 


The  ground  M  the  ndet  (rf'the  field  was  nibsoiled  with  Atlas  Farm  Powdn. 
The  centre  of  the  field  wis  not  subsoil^.  The  grain  on  the  tubsoiled  ground  n 
taller,  denser,  and  better.     Photographed  oa  farm  of  L.  J.  Zug,  Lebanon,  Pa. 


Oats  respond  greatly  to  subsoilin^  with  explosives.    On  blasted  ground  the 
a  grows  a  foot  taller  and  the  yield  is  ten  to  twenty  bushels  an  acre  more. 


Better  Farming  wi+h  Arias  FbrmR)wder 
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ure  froin  the  gases.  If  the  explosion  sends  gases  six  feet  deep, 
the  inrush  of  new  air  goes  just  as  deep.  This  nitrogen  is  available 
for  planes  just  as  soon  as  the  moisture  can  absorb  it. 

But  this  direct  supply  of  nitrogen  is  only  the  beginning  of 
the  total  increase  of  that  most  vital  and  expensive  plant  food. 
Roots  immediately  begin  a  great  expansion  in  the  fine,  loose 
ground.  One  apple  tree  that  was  dug  up  showed  a  root  system 
mending  more  than  twice  as  deep  and  three  times  as  wide  as  the 
root  system  of  another  tree  dug  up  from  unblasted  ground.  Com 
and  grass  and  grain  roots  make  an  even  greater  increase.  They 
fill  the  soil  many  feet  down. 


Many  soil*  have  a  wateMight  layer  of  clay  or  hardpan  within  a  few  inchei 
of  the  surface.  Such  soil  driei  out  quickly.  When  the  hardpan  is  broken  up, 
(he  ground  tiores  moisture  in  abundance  for  many  feet  down. 

Many  plants  are  legumes — plants  that  gather  nitrogen  from 
the  air  through  the  leaves  and  leave  it  in  the  soil  where  their 
roots  grew.  Nitrogen  forms  a  goodly  proportion  of  the  substance 
of  all  roots  and  stems  and  leaves.  When  these  roots  die  after  the 
harvest  of  the  annual  crops,  their  nitrogen  is  released  by  chemi- 
cal and  bacterial  action.  The  bodies  of  the  multiplying  bacteria 
provide  more  organic  matter,  which  in  turn  is  transformed  into 
nitrogen. 

Bejorr  the  blasting,  rain  water  runs  oiF  the  surface  of  the  un- 
plowed  ground  in  streams.  When  the  ground  is  plowed,  tain 
soon  soaks  the  six  inches  of  loose  top-soil,  and  then  washes  the 
surface  badly.  Presently  it  begins  to  creep  out  at  the  level  of 
the  plow-sole,  carrying  into  the  ditches  much  available  plant  food. 

Afur  the  blasting,  the  rain  water  promptly  sinks  deep  into 
the  ground.  The  explosions,  loosening  the  soil  for  several  feet 
down,  separate  the  particles  so  that  each  one  promptly  wraps 
itself  in  its  film  of  moisture.  In  filtering  down  through  several 
feet  of  ground  the  surplus  water  is  freed  of  the  plant  food  which 
it  is  carrying  away,  yet  the  excess  water  itself  drains  off  quickly. 
There  now  is  no  water-tight  plow-sole  or  hardpan  or  layer  of  clay 
to  hold  this  excess  water. 

With  the  soil  particles  surrounded  by  moisture,  the  several 
feet  of  loose  ground  hold  more  than  the  six  to  twenty  inches 


of  water  required  to  grow  crops.  The  water  is  stored  so  it  cannot 
escape  in  dry  weather  if  the  surface  of  the  ground  is  shaded  or 
cultivated.  Roots  can  get  it  just  as  they  want  it  because  it  is  in 
the  foim  of  moisture  hlms,  and  because  they  can  penetrate  so 
easily  all  through  the  fine,  loose  soil. 


The  panel  at  the  left  ihows  the  condition  of  the  great  majority  of  farms  where 
no  tubsoiling  has  been  done.  The  panel  at  the  right  ihowi  this  same  land  after  it 
hat  been  broken  up  to  a  depth  of  three  or  four  feet  with  Atlas  Farm  Powdei, 

This  excellent  supply  of  moisture  is  just  what  the  bacteria 
need  to  thrive  and  increase.  They  begin  to  work  on  the  insoluble 
mineral  plant  food  elements;  and,  helped  by  the  dissolving  action 
of  water  and  the  oxidating  action  of  the  air,  they  release  enor- 
mous quantities  of  potash  and  phosphorous  which  have  been  locked 
up  since  the  beginning  of  time.  What  organic  matter  there  is  in 
the  eround  before  blasting  is  broken  down  immediately  by  the 
combined  action  of  bacteria  and  water  and  air,  and  its  food  is 
made  available  as  the  roots  require  it. 

In  response  to  the  abundance  of  water  and  food,  plants  imme- 
diately take  on  new  life,  make  heavy  growth  and  fill  the  ground 
with  roots.  AH  this  in  a  short  time  means  new  organic  matter, 
more  bacterial  and  more  chemical  action,  more  new  nitrogen  from 
the  air,  and  additional  potash  and  phosphorus  from  the  mineral 
soil  elements.  The  bodies  of  the  bacteria  and  the  roots  supply 
enormous  quantities  of  organic  matter  or  humus.  Before  blastmg 
there  is  poorer  growth  because  of  a  scarcity  of  plant  food  and 
water,  and  there  is  a  scarcity  of  these  things  because  of  poorer 
plant  growth.  After  blasting  there  is  heavy  plant  growth  because 
of  abundant  food  and  water,  and  the  abundance  of  these  things  is 
kept  up  by  the  heavy  growth  of  plants. 

EVIDENCE 

"It  is  easy  to  observe  from  the  cotton  where  I  dynamited.  The  notton  grown 
on  dynamited  land  has  made  1775  pounds  of  seed  cotton  to  the  acre,  and  some  yet 
to  be  gathered.  The  cotton  raised  on  the  same  quality  of  land  adjoining  has  made 
a  ^ela  of  only  Sit  pounds  to  the  acre.  The  stalks  on  the  dynamited  land  are  one- 
third  taller,  and  the  bolls  are  better  developed  and  much  target.  The  dynamited 
ground  had  plenty  of  moisture  all  season,  but  the  ground  not  dynamited,  though 
It  received  the  same  cultivation  as  the  dynamited  ground,  threw  off  its  forms  in 
August."  LEE  L.  GALT,  Ardmore,  Okla. 
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SUBSOnJNG  WITH  EXPLOSIVES 
MAKES  THE  SOIL  FERTILE 

This  is  what  takes  place  when  youproperly  subsoil  and  with 
Atlas  Farm  Powder.  Not  all  land  is  affected  to  the  same  extent, 
but  one  thing  is  sure — cultivation  with  explosives  produces  the 
results  described  and  makes  plants  and  trees  grow  and  yield. 

If  a  proper  rotation  of  crops  is  grown  on  the  land,  keeping 
the  soil  full  of  roots  down  deep,  the  condition  brought  about  by 
blasting  will  be  maintained  for  many  years.  The  dead  roots  ex- 
pand and  contract  as  moisture  fills  or  leaves  them,  loosening  the 
soil  particles  about  them  and  shifting  them  past  one  another. 
Heat  and  cold  also  expand  and  contract  both  the  organic  matter 
and  the  soil  particles,  with  the  same  results.  Water  follows  the 
channels  that  roots  make  up  and  down  and  about  through  the 
soil,  ebbing  and  flowing  freely,  keeping  moisture  in  all  parts  of  the 
soil  and  keeping  the  ground  loose.  Capillaiy  attraction  draws 
moisture  from  many  feet  deep  whenever  a  rainless  period  causes 
roots  to  use  all  of  the  moisture  near  the  surface. 

The  quantity  of  plant  food  in  the  soil  is  increased  immediately 
by  blasting,  but  the  greatest  results  come  in  the  seasons  following. 
Air  and  water  and  roots  and  bacteria  proceed  to  break  down  the 
soil  for  several  feet  deep,  just  as  the  top  soil  has  been  mellowed. 
The  ground  tends  to  become  richer  all  the  time  when  it  has  proper 
after-treatment.  In  a  few  seasons  a  sample  of  soil  taken  from  a 
depth  of  three  or  four  feet  ought  to  show  almost  as  much  free  plant 
food,  and  just  as  much  water  and  air  and  bacteria  as  a  sample  taken 
near  the  surface. 

There  is  an  unlimited  supply  of  nitrogen  in  the  atmosphere, 
and  an  unlimited  supply  of  phosphorus  and  potash  in  the  ground. 
Do  not  be  afraid  you  will  use  it  all.  When  the  crops  you  grow 
consume  the  entire  layer  of  soil  you  now  use,  there  is  more  just  as 
good  beneath,  that  you  may  have  for  the  taking.  Probably  it 
will  be  wise  to  repeat  the  blasting  every  five  or  six  years  to  main- 
tain the  good  condition  in  perfect  working  order. 

If  you  could  take  up  all  your  ground  for  six  feet  deep  and 
mix  it  dry,  as  concrete  or  mortar  is  mixed  wet,  you  might  pro- 
duce better  results  than  explosives  give.  But  no  less  thorough 
handling  of  the  soil  would  equal  the  results  of  blasting.  Subsoil- 
ing  with  machines  cannot  be  compared  to  it.  The  most  inten- 
sive cultivation  with  tools  looks  puny  beside  the  work  done  with 
explosives. 

^  It  is  necessary  to  keep  the  surface  of  the  ground  cultivated 
during  dry  weather  to  prevent  the  escape  of  moisture,  and  it  is 
necessary  to  keep^  down  weeds.  Plowing  and  harrowing  must  be 
done  when  explosives  are  used  just  about  the  same  as  before. 

But  these  old  methods  used  alone  are  failures  because  they 
do  not  produce  enough  results  or  produce  them  fast  enough. 
Commercial  fertilizers  are  too  costly  to  permit  many  farmers  to 
use  them  as  the  main  source  of  potash  and  phosphorus.  Manure 
and  cover  crops  cannot  keep  up  the  nitrogen  supply  as  they  should 
unless  the  ground  is  loosened  deeply  and  transformed  so  roots  find 
themselves  at  home  four  feet  deep. 
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THE  HIGH  COST  OF  CULTIVATION 
REDUCED  BY  EXPLOSIVES 

During  the  last  twenty  years  the  rate  of  nearly  all  wages  has 
advanced  nfty  to  one  hundred  per  cent.  It  used  to  be  possible  to 
hire  good  farm  hands  for  $i  a  day.  Now  they  must  be  paid 
$1.50  to  $2.00.  During  this  same  time  the  cost  of  horses  and  ma- 
chinery has  gone  up  greatly.  Land  values  have  increased,  taxes 
have  increased.  Crops  are  no  larger  than  they  were  before,  and 
market  prices  of  farm  products  have  not  increased  in  proportion. 

Farmers  must  find  some  way  to  lower  this  cost  of  production 
and  to  increase  the  income  from  their  crops.  New  methods  of 
doine  the  work  are  needed — ^methods  that  demand  fewer  men 
and  less  work,  and  that  are  more  eflFective  in  supplying  plant  food 
and  in  keeping  up  fertility.  On  the  solution  of  such  problems  de- 
pends the  success  or  failure  of  the  business  of  many  farms.  Only 
Dy  using  new  methods  can  living  profits  be  made,  or  farm  pros- 
perity be  assured. 

The  proper  and  continued  use  of  Atlas  Farm  Powder  for  sub- 
soiling  and  ditching  will  enable  the  farmer  to  do  his  work  with 
fewer  men,  in  shorter  time.  It  will  enable  him  to  obtain  plant  food 
cheaply.     It  will  increase  his  crops  while  lowering  their  cost. 

WHERE  EXPLOSIVES  HAVE  BEEN  USED 

In  191 2  and  19^13  more  than  a  million  fruit  trees  were  planted 
in  holes  blasted  with  explosives.  Durine  these  same  two  years 
many  thousands  of  acres  of  land  intended  for  general  farm  crops 
of  grain,  cotton,  hay  and  vegetables  were  subsoiled  with  dyna- 
mite. Hundreds  of  miles  of  ditch  were  dug,  and  many  swamp  areas 
were  drained  with  explosives. 

We  give  here  the  names  of  a  few  people  and  firms  whose  opera- 
tions are  reported  as  this  book  is  wntten. 

The  United  States  Government,  in  Bulletin  38  of  the  Hawaii 
Agricultural  Experiment  Station,  reports  the  results  of  experi- 
ments in  subsoihng  covering  three  years.  This  station  found  that 
explosives  were  of  the  greatest  value  in  securing  the  proper 
amount  of  moisture  and  aeration  in  soil  and  loosening  the  ground 
so  that  the  roots  could  penetrate  it.  The  tests  covered  all  kmds  of 
fruit  trees  grown  commerciallv  and  were  so  successful  that  the 
station  confidently^  recommenas  the  use  of  explosives  as  the  best 
method  of  prepanng  soil  for  trees. 

In  Tennessee,  com  grown  on  land  subsoiled  with  an  explosive 
made  more  than  twice  the  growth  of  com  grown  on  adjoining  land 
not  subsoiled.  This  com  field  is  illustrated  on  page  19.  The 
experimenters  give  explosives  their  whole-hearted  endorsement. 

The  Oklahoma  Experiment  Station  has  bias  ed  the  subsoil 
in  young  orchard  plantings  where  hardpan  and  rocky  ledges 
occurred  beneath  the  soil.  It  reports  that  the  work  promises 
good  retums. 

The  blasting  of  soil  was  first  carried  on  extensively  in  Kan- 
sas. Former  Govemor  Crawford  took  an  active  interest  in  this 
work,  and  a  great  many  representative  men  throughout  the  state 

18 


This  field  was  subsoiled  niih  Atlas  Fann  Powder  befote  it  was  planted.    The 
potatoes  made  a  remarkable  growth  and  yielded  no  bushels  to  the  acre. 


These  hiifli-grade  potatoes  were  grown  in  Ihe  iield  shown  above  on  land  iliat 
was  classed  as  "abandoned"  before  it  was  cultivated  with  explosives.  Photo- 
graphs from  Pennsylvania  Railroad  Demonstration  Parni,  H.  F.  Lipplncott, 
Agticulturist,  Commercial  Trust  Building,  Philadelphia. 


Planes  thrive  wonderfully  when  the  soil  is  worked  over  Wtth  AtUi  Fitm 
PowdcFi  bccauK  the  roots  penetrate  icto  the  loil  lo  deeply. 
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have  used  dynamite.  At  this  time  dynamiting  has  become  al- 
most as  well  established  a  practice  on  farms  of  many  parts  of 
Kansas  as  plowing  has.  It  is  a  statewide  custom,  just  as  com- 
monly seen  and  just  as  important  there  as  harrowing  is  on  the 
eastern  shore  of  Maryland,  or  as  the  use  of  disc  plows  and  harrows 
in  Northwestern  gram  fields.  Few  orchards  are  planted  without 
blasting  the  tree  holes.  In  Nebraska  the  same  holds  true.  Farms 
generally  throughout  the  southern  and  eastern  part  of  the  state 
are  using  explosives  for  subsoiling. 

The  Ohio  Agricultural^  Experiment  Station,  of  Wooster, 
reports  satisfactory  results  in  blasting  very  hard  or  stony  land 
for  planting  orchard  trees. 

The  Pennsylvania  State  G>llege  and  Experiment  Station  has 
conducted  a  number  of  tests,  using  dynamite  successfully  in 
orchards  and  in  fields. 

One  of  the  largest  users  of  explosives  is  J.  H.  Hale,  the  peach 
and  apple  king  of  Connecticut  and  Georgia.  He  has  used  thou* 
sands  of  pounds  of  explosives,  and  has  set  twenty  to  thirty  thou- 
sand trees  in  blasted  holes. 

The  Long  Island  Railroad  Experiment  Farm,  at  Medford,  has 
used  dynamite  in  all  kinds  of  soil  work.  It  took  up  raw  waste 
land,  cleared  it,  drained  it,  and  cultivated  the  soil  witn  explosives. 

The  RosecliflF  Fruit  Farm,  at  Waynesboro,  Va.,  is  a  laige 
user  of  explosives.  It  set  all  of  its  trees  in  blasted  holes,  and  used 
explosives  in  the  ground  around  the  trees  at  the  ends  of  the  limbs, 
sometimes  exploding  six  charges  around  one  tree,  a  half  stick  in 
a  hole.  The  results  from  this  treatment  have  been  wonderful 
yields  of  fruit  possessing  improved  color,  quality,  and  size. 

Stark  Bros.  Nursenes  &  Orchards  Company,  Louisiana,  Mo., 
uses  explosives  extensively,  not  only  in  tree  planting,  but  in  blow- 
ing stumps,  ditches,  etc. 

J.  G.  Harrison  &  Sons  Nurseries,  at  Berlin,  Md.,  have  found 
explosives  most  useful,  and  they  have  used  them  extensively. 
Their  soil  is  lieht  and  is  not  packed  solidly  nor  underlaid  with 
hardpan,  but  they  have  planted  ten  orchards  of  200  acres  each, 
and  have  set  nearly  all  or  the  trees  in  blasted  holes. 

The  William  r.  Stark  Nurseries,  at  Stark  City,  Mo.,  use  ex- 
plosives regularly  in  their  orchard  and  nursery  work.  They  have 
subsoiled  the  ground  in  old  orchards,  and  have  blasted  the  subsoil 
around  bearing  trees  in  younger  orchards.  They  find  that,  when 
explosives  are  used,  more  of  the  young  trees  live,  make  a  larger 
growth,  yield  laiger  crops,  suffer  less  from  dry  weather,  and,  in 
their  opinion,  will  live  longer. 

The  Vincennes  Nurseries,  at  Vincennes,  Ind.,  are  planting 
eight  acres  of  pecan  and  fruit  trees  as  this  book  is  written,  and  are 
using  dynamite  for  all  of  them. 

The  William  H.  Moon  Co.,  Glenwood  Nurseries,  Morris- 
ville,  Penna.,  finds  explosives  extremely  valuable  for  planting 
shade  trees,  hedges,  etc. 

H.  M.  Maeee,  of  Waynesboro,  Va.,  has  set  2,000  young  apple 
trees  in  blasted  holes,  and  is  enthusiastic  about  explosives  as  a 
means  of  quick,  cheap,  and  thorough  cultivation.  His  trees 
planted  in  blasted  holes  average  96  per  cent,  of  live  trees  at  the 
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end  of  the  growing  season.  He  has  proved  conclusively  that  the 
blasting  of  tree  holes  insures  a  rapid  growth  of  strong  fruit  wood, 
and  he  says  that  his  trees  planted  in  holes  made  with  explosives 
bear  fruit  one  year  earlier  than  trees  planted  the  old  way. 

The  Pippin  Hill  Fruit  Farm,  at  Blairstown,  N.  J.,  has  planted 
a  lot  of  trees  in  blasted  holes,  and  reports  that  these  trees  have 
grown  almost  twice  as  much  as  trees  set  without  the  use  of  explo- 
sives. 

The  Rosemar  Orchard  Company,  at  Parkersburg,  W.  Va., 
one  of  the  largest  orchardists  in  tne  state,  always  blasts  holes  for 
fruit  trees.  At  Staunton,  Va.,  in  the  heart  of  a  famous  orchard 
section,  William  A.  Pratt  planted  2,000  trees  with  results  that  were 
*'more  than  satisfactory.* 

In  the  Shenandoah  Valley,  at  Timberville,  Va.,  J.  T.  Kelly 
has  a  youne  orchard  which  amply  attests  the  superiority  of  trees 
planted  in  blasted  holes  over  those  planted  in  the  ordinary  way. 

In  the  citrus  fruit  section  of  Florida,  E.  V.  Blackman  has 
used  great  quantities  of  explosives  in  preparing  holes  for  orange  and 
grapefruit  trees.  He  began  the  use  of  explosives  for  this  purpose 
many  years  ago.  The  blasting  of  holes  n)r  trees  has  become  the 
custom  in  that  neighborhood  since  fruit  growers  and  farmers 
generally  have  learned  what  it  will  do. 

At  Columbus,  Ga.,  F.  W.  McMurrain  planted  pecan  trees  in 
blasted  holes.  These  show  a  marked  superiority  over  other  pecan 
trees  nearby,  planted  by  ordinary  methods. 

In  Lebanon  County,  Penna.,  L.  J.  Zug  used  Atlas  Farm 
Powder  in  subsoiling  his  fields.  During  the  last  season  his  oats  on 
subsoiled  land  have  been  almost  twice  as  good  as  those  on  similar 
fields  not  subsoiled  with  explosives. 

At  Seaford,  Del.,  in  an  orchard  of  more  than  200  acres,  the 
ground  was  prepared  for  almost  all  of  the  trees  with  explosives. 
These  trees  are  making  a  remarkable  growth,  some  of  them  bear- 
ing at  3  years  of  age. 

At  Ardmore,  Okla.,  Lee  L.  Gait  subsoiled  cotton  fields  with 
explosives.  The  cotton  that  grew  on  the  blasted  land  made  1775 
pounds  of  seed  cotton  per  acre,  while  on  unblasted  land  adjoin- 
mg,  the  cotton  made  only  624  pounds.  The  stalks  on  the  subsoiled 
land  were  one-third  taller  than  the  other  stalks,  and  the  bolls 
were  better  developed  and  much  larger.  Dry  weather  prevailed 
throughout  the  summer  of  1913,  and  the  ground  not  subsoiled, 
tp.ough  well  cultivated,  threw  off  its  forms  in  August.  The  field 
which  was  subsoiled  received  exactly  the  same  cultivation,  but 
remained  moist  and  green  all  summer.  See  the  pictures  of  this 
cotton  on  page  13. 

At  "The  Pastures,*'  a  large  farm  operation  near  Belfast, 
Maine,  managed  by  Horace  Chenery,  a  mile  of  ditch  has  been 
dug  with  explosives,  a  great  many  fruit  trees  have  been  planted, 
and  many  boulders  have  been  broken  up.  This  farm  condnues 
to  buy  quantities  of  explosives  from  time  to  time,  and  would  not 
be  without  them. 

Near  New  Haven,  Conn.,  George  B.  Smith  cleared  an  acre 
and  a  quarter  of  land  that  was  worth  about  $S  ^^  ^^^^  before  he 
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began.  After  blasting  the  stumps  and  stones^  the  land  was  worth 
$200  an  acre.  The  first  crop  was  winter  wheat  and  it  went  40 
bushels  to  the  acre.  ^ 

A  similar  experience  has  been  noted  at  Crosby,  Texas,  where 
Arthur  Wilson  subsoiled  a  cotton  field.  The  cotton  growing  on 
this  land  reached  up  to  his  neck  and  made  two  bales  an  acre. 
Other  cotton  planted  on  similar  land  nearby  did  well  to  yield  a 
third  to  a  halt  bale  an  acre.  Mr.  Wilson  also  blasted  the  subsoil 
for  a  sweet  potato  field,  and  no  other  potatoes  in  that  country 
equalled  his  for  growth.  They  yielded  300  bushels  an  acre.  He 
also  has  alfalfa  growing  on  subsoiled  ground,  and  it  is  thriving 
wonderfully. 

An  interesting  account  of  ditch  blasting  comes  from  the  Texas 
Agricultural  Experiment  Station,  at  Angleton.  "A  feature  greatly 
In  favor  of  using  dynamite  in  ditching  is  the  rapidity  with 
which  it  can  be  done,"  the  director  reports. 

In  Kansas  a  man  had  a  forty  acre  pond  with  water  three  feet 
deep.  Twenty-five  pounds  of  dynamite  properly  placed  and  ex- 
ploded in  the  ground,  drained  the  pond,  and  in  tnirty-six  hours 
the  water  had  disappeared. 

J.  S.  Fowler,  Anderson,  S.  C,  has  been  using  explosives  for 
years  in  cotton  and  com  fields.  With  the  use  of  dynamite  Mr. 
Fowler  secures  as  high  as  200  bushels  of  com  an  acre.  He  says 
that  no  dry  weather  affects  his  cotton  when  it  is  planted  on  land 
subsoiled  with  an  explosive. 

The  Wyoming  Agricultural  College  Experiment  Station  at 
Laramie  conducted  considerable  dynamiting  on  its  farms  in  the 
spring  of  1913.  It  planted  both  fruit  trees  and  shade  trees  in 
blasted  holes,  and  regards  the  work  as  highly  successful. 

The  New  Jersey  State  Horticultural  Experiment  Station,  at 
New  Brunswick,  conducted  extensive  tests  of  explosives  in  plant- 
ing peach  and  apple  trees.  Its  soil  is  mostly  red  shale  loam.  At 
the  end  of  the  first  season's  growth,  careful  measurements  were 
made  of  the  branches  and  twigs  developed  on  each  tree.  Explo- 
sives were  used  in  three  different  orchards  located  in  different 
places. 

In  one  orchard  the  total  growth  of  the  blasted  trees  averaged 
794  inches,  while  trees  planted  in  the  ordinary  way  grew  only 
665  inches.  In^  another  orchard  blasted  trees  grew  n^om  1207 
inches  to  1952  inches  per  tree,  while  trees  planted  in  dug  holes 
grew  only  560  inches.  There  also  was  a  slight  advantage  in  the 
thickness  of  the  tmnk  in  favor  of  the  blasted  trees.  The  far 
greater  growth  of  the  blasted  trees  could  be  noted  without  trouble 
m  just  looking  over  the  rows  of  trees. 

From  one  end  of  the  country  to  the  other  come  reports  of  the 
successful  use  of  explosives  in  agricultural  work.  The  foregoing 
were  selected  at  random  as  this  book  was  prepared.  Atlas  Farm 
Powder  is  adapted  perfectly  to  all  agricultural  purposes  and  is 
used  on  thousands  oi  farms. 

Twentieth  century  tillers  of  the  soil  who  are  going  to  eat 
enough  and  live  comfortably  and  become  independent  have  got 
to  use  explosives  to  make  their  land  produce  Digger  crops  at  a 
lower  cost.  * 
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HOW  TO  PREPARE  THE  CHARGES  OF 
ATLAS  FARM  POWDER 

Charges  for  all  kinds  of  farm  blasting  are  prepared  in  the  same 
way.  Read  and  study  these  directions  carefully  before  you  begin 
the  work. 

In  cold  weather  examine  the  Powder  to  see  if  it  is  chilled  or 
frozen.  If  it  is  in  this  condition  you  must  thaw  it  or  warm  it  be- 
fore loading,  as  described  on  page  59.  Atlas  Farm  Powder  seldom 
needs  this  attention  because  it  does  not  freeze  or  become  insensi- 
ble from  chillinp  until  it  is  very  cold — ordinary  freezing  weather 
does  not  affect  it.  In  warm  weather  the  only  precaution  regard- 
ing the  condition  of  the  powder  is  to  see  that  it  does  not  lie  in  the 
hot  sun  unshaded.    Too  much  heat  may  damage  it. 

Use  only  strong  caps  or  electric  fuzes.  The  strength  of  caps 
and  electric  fuzes  is  indicated  by  their  numbers.  No.  6  strength 
is  on  sale  by  most  dealers,  and  does  its  work  well.  No.  8  caps 
are  stronger  and  are  worth  the  slight  additional  cost.  If  caps  or 
electric  fuzes  are  kept  in  a  damp  place,  they  may  absorb  mois- 
ture and  weaken.  Weak  caps  or  electric  fuzes  will  not  explode  the 
Powder  completely.  If  Powder  is  fired  with  weak  caps  or  electric 
fuzes,  the  resulting  explosion  will  be  less  powerful,  and  will  give 
off  poisonous  gases,  or  the  Powder  may  fail  entirely  to  go  off. 

The  electric  fuze  is  the  equivalent  of  the  fuse  and  blasting 
cap.  It  is  a  copper  cap  in  which  are  fastened  two  insulated  copper 
wires.  You  put  them  in  the  stick  of  Farm  Powder  just  the  same 
as  you  would  put  in  a  blasting  cap  and  fuse. 

Whether  to  use  common  blasting  caps  or  an  electric  blasting 
machine  and  electric  fuzes  to  explode  the  charge  depends  on  the 
amount  of  work  and  the  kind  of  work  you  have.  If  you  have  only 
a  few  charges  to  put  off,  or  if  the  charges  are  to  be  far  apart, 
then  the  cap  and  fuse  is  the  better  method.  If  you  have  many 
charges  to  put  off,  or  if  all  are  to  be  exploded  at  once,  as  in  a 
ditch,  the  electric  blasting  machine  is  better.  When  charges  are 
to  be  exploded  under  water,  the  electric  method  is  the  only  one 
to  use.  You  cannot  explode  several  charges  at  the  same  instant 
in  any  other  way  than  with  a  blasting  machine. 

To  prime  a  stick  of  Powder  proceed  in  this  way.  Cut  your 
fuse  to  tne  required  length.  Fuse  bums  two  to  three  feet  a  min- 
ute. In  blasting  stumps  you  should  keep  100  yards  away  and  in 
blasting  stones  1^0  yards  away.  In  subsoiling  you  can  remain 
within  a  few  yards  of  the  explosion.  The  fuse  must  reach  to  the 
surface  of  the  ground;  otherwise  its  length  is  determined  by  the 
distance  you  must  run  before  the  explosion  takes  place. 

If  the  fuse  is  cold,  warm  it  before  you  unroll  it  or  it  may 
break.  Cut  the  end  off  square.  Be  sure  that  this  end  is  fresh 
and  dry.  Then  insert  it  carefully  into  the  blasting  cap  clear  to 
the  bottom.  Don't  press  or  twist  it  against  the  high  explosive 
in  the  bottom  of  the  cap.  ^  While  holding  it  gently  to  the  bottom, 
crimp  it  with  a  regular  crimping  tool  as  close  to  the  open  end  of 
the  cap  as  you  can.  Under  no  circumstances  attempt  to  crimp  a 
cap  with  your  teeth.  In  a  pinch  you  may  press  it  with  ordinary 
pliers,  but  always  remember  that  the  lower  two-thirds  of  caps 

^4 


Young  trees  not  planted  in  holes  blasted  with  explosive,  should  be  subsoiled 
n  the  mannei  indicated  here.    Place  veiy  light  charge  within  6  to  S  feet  of  trees. 


At  left  and  centre,  two  one-year  peach  trees  planted  at  the  same  time,  one  in 
a  blasted  hole  and  the  other  in  a  dug  hole.    At  right,  two-yeac  peach  tree  in  blasted 
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is  dangerous,  and  that  if  a  cap  goes  off  in  your  hands  you  are 
likely  to  lose  your  hand.  Caps  must  be  handled  with  far  greater 
care  than  the  Farm  Powder  itself. 

With  a  piece  of  wood  about  the  size  of  a  lead  pencil  or  with 
the  end  of  one  of  the  handles  of  the  cap  crimper  punch  a  hole  into 
the  side  of  a  cartridge  of  Powder  two  or  tnree  inches  from  one 
end.  This  hole  should  slant  lengthwise  into  the  cartridge  as  much 
as  possible,  and  should  be  just  deep  enough  to  bury  the  cap  and 
about  a  quarter  inch  of  the  fuse  or  tne  electric  fuze  wires. 

With  the  cap  in  this  hole,  tie  the  fuse  or  the  wires  to  the 
side  of  the  stick  with  a  string  passed  around  the  stick  two  or 
three  times.  Give  the  string  a  wrap  or  turn  around  the  electric 
fuze  wires  or  fuse.  Make  the  string  pretty  tight,  so  the  caps  will 
not  pull  out  when  you  lower  it  into  the  hole  by  the  fuse  or  wires. 
Side  priming  is  better  than  end  priming  because  it  eives  you  a 
chance  to  put  the  tamping  stick  against  the  end  of  the  cartridge 
without  danger  of  disturbing  the  cap.  Don't  lace  the  fuse  through 
the  cartridge  or  put  it  in  the  lower  end  and  bring  it  up  around, 
or  wrap  it  around  the  cartridge.  If  you  do  any  of  these  tnings  you 
are  likely  to  break  the  fuse  or  make  it  set  fire  to  the  Powder.  If 
the  Powder  catches  fire  it  will  not  explode  properly  and  it  will 
give  off  noxious  fumes. 

If  the  charge  consists  of  more  than  one  stick,  put  the  primed 
stick  or  half-stick  in  last,  on  top  of  the  rest  of  the  charge.  When 
loading  dry  holes,  slit  the  paper  of  the  sticks  lengthwise  in  about 
four  different  places.  When  you  press  these  slit  cartridges  home 
with  the  tamping  stick,  they  will  swell  and  fill  the  holes  tightly. 
In  wet  holes  do  not  slit  the  paper.  Put  the  sticks  in  whole,  and 
tamp  and  fire  the  charge  as  quickly  as  possible.  t  v 

Use  wood  for  tamping — never  an  iron  rod.  Begin  your  tamp- 
ing by  rolling  down  fine  earth  or  sand,  and  gently  pressing  this 
into  place.  After  you  have  four  or  five  inches  of  such  material 
on  top  of  the  charse,  you  can  begin  to  put  wetter  ground  or  sand 
in  and  ram  it  tighter.  Fill  the  hole  up  to  the  surface  of  the 
ground  and  get  tne  tamping  material  solid.  The  idea  is  to  hold 
m  the  gases  oy  an  equal  resistance  on  all  sides. 

There  is  an  old  belief  that  the  force  of  dynamite  is  down- 
ward rather  than  upward.  This  is  a  foolish  idea — ^there  is  abso- 
lutely nothing  in  the  action  of  dynamite  to  justify  it.  The  force 
of  d3mamite  works  in  all  directions  at  once.  The  gases  from  high 
explosives  get  out  of  their  confinement  by  the  easiest  way.  They 
act  quickly  and  tear  in  all  directions  to  find  the  best  way  out. 
Firm  tamping  is  necessanr  to  increase  the  resistance  where  you 
don't  want  the  gases  to  blow  out,  in  order  that  they  may  shatter 
the  stump  or  stone  or  ground  that  you  desire  to  move. 

Post  holes  should  not  be  tamped  because  in  them  you  want 
the  explosion  to  loosen  the  ground  for  only  a  few  inches  around  it. 

Be  sure  that  each  stick  of  a  big  charge  is  in  firm  contact  with 
the  other  sticks.  When  the  holes  are  loaded,  see  that  everybody 
is  beyond  range  of  any  flying  roots  or  stones  before  you  light  the 
fuse  or  connect  the  blasting  machine  with  the  charge. 

In  case  of  misfire  with  a  fuse,  do  not  go  near  the  charge  for 
two  or  three  hours.    Then,  instead  of  trying  to  dig  out  the 
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charge,  put  down  another  charge  of  one  stick  within  a  foot  of  it, 
and  both  charges  will  be  exploded  by  a  transmitted  shock  from 
the  little  one. 

Electric  fuzes  must  be  inserted  into  the  sticks  of  Powder  in 
exactly  the  same  way  as  blasting  caps  and  fuse  are  inserted.  Use 
fuzes  with  wires  long  enough  to  reacn  well  out  of  the  holes.  After 
you  have  all  the  charges  loaded  that  you  are  going  to  shoot  at 
once,  connect  the  fuze  wires  together  in  the  way  shown  in  the 
picture  on  page  56.  ^         ^ 

Then  connect  the  outside  wires  from  the  two  outside  charges 
with  leading  wires  extending  to  the  blasting  machine.  If  fuze 
wires  will  not  reach  each  other,  use  connecting  wire  such  as  is 
illustrated  on  page  62.  When  everjrthing  is  ready  see  that  there 
are  no  people  or  stock  within  ran^e  of  the  explosion,  connect 
the  leadmg  wire  to  the  blasting  machme  and  fire  with  the  machine. 

When  charges  for  any  purpose  are  to  be  placed  under  water, 
the  end  of  the  caps  where  tne  fuse  enters,  the  places  in  the  sticks 
of  Powder  where  the  caps  enter  them,  and  the  ends  of  the  sticks 
must  be  made  watertight  with  tallow.  Be  careful  about  this. 
When  you  cut  sticks  in  two,  coat  the  open  ends  with  tallow  or 
clay  if  the  charges  are  to  be  used  in  wet  places. 


EVIDENCE 

"  My  dwarf  aj^ple  orchard  was  set  6  years  ago  in  blasted  holes.  There  is  no 
hard  pan  in  my  soil,  and  I  am  sure  that  a  thrittier  lot  of  trees  cannot  be  found 
anywhere.  They  are  much  stronger  and  healthier  than  they  would  have  been 
if  planted  under  the  old  conditions." 

F.  E.  DAWLEY,  Livingston  County,  New  York. 

"I  subsoiled  a  piece  of  my  land  in  March,  191 2.  That  season  it  produced 
102  bushels  of  corn  to  the  acre.^  Previously  it  had  been  making  35  to  40  bushels 
to  the  acre  with  the  same  cultivation  and  fertilization.  In  November,  1912,  tt 
was  sowed  to  wheat  and  made  54  bushels  to  the  acre,  and  immediatelv  the  wheat 
was  harvested,  the  land  was  planted  in  corn  and  made  40  bushels  to  the  acre.  If 
I  had  time  I  would  subsoil  all  my  land  with  dynamite  in  the  fall  and  let  the  ground 
hold  the  winter  rains." 

A.  J.  PIRKLE,  Buford,  Ga. 

Here  is  an  instance  where  a  big  drainage  ditch  or  canal  was  excavated  with 
dynamite  in  a  mighty  short  time,  and  at  comparatively  low  cost.  While  the  need 
of  such  work  is  not  found  on  many  farms,  yet  there  are  times  when  a  canal  like 
this  should  be  dug,  and  would  be  dug  if  it  were  known  that  it  could  be  done  to  such 
good  advantage  with  dynamite. 

"The  work  was  a  cut  12  feet  wide  at  the  bottom,  3  feet  deep  at  sides,  5  feet 
deep  through  the  centre^  and  400  feet  long.  500  pounds  of  Atlas  Powder  60% 
did  the  work,  and  the  dirt  was  thrown  clear  of  the  ditch,  leaving  clean,  straight 
bottom  where  we  wanted  it.*' 

W.  W.  KOONSE,  Malta  Bend,  Mo. 

"We  have  been  able  to  accomplish  work  by  the  use  of  explosives  which  other- 
wise never  could  have  been  done.  Other  work  was  done  which,  if  it  had  not  been 
for  explosives,  still  would  be  in  progress  or  unstarted.  I  know  that  we  have  made 
more  than  a  mile  of  ditch  this  summer  with  explosives.  For  planting  apple  trees, 
an  explosive  is  of  a  ^eat  deal  of  value.  It  saves  men  labor  in  digging  noles,  in 
clearing  land,  and  it  insures  far  better  results  in  crops  from  the  land.  In  blasting 
boulders  we  seldom  drill,  nearly  always  mudcap.  This  takes  a  little  more  dyna- 
mite but  saves  more  than  its  equivalent  in  time." 

HORACE  CHENERY,  The  Pastures,  Belfast,  Me, 
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BENEHTS  OF  BREAKING  UP  SUBSOIL 
WITH  ATLAS  FARM  POWDER 

The  beneficial  effects  of  breaking  up  the  soil  with  an  explo- 
sive have  been  explained  at  length  in  the  first  pages  of  this  book, 
but  these  pages  may  be  glanced  over  again,  oubsoiling  with  ex- 
plosives is  one  of  the  most  important  advances  ever  made  in  farm 
methods.  Briefly,  the  effect  of  subsoiling  with  an  explosive  is  to 
give  you  four  to  six  feet  of  topsoil  in  place  of  the  eight  to  twelve 
mches  that  you  have  now. 

The  first  efi^ect  is  to  loosen  the  ground  so  that  the  surface 
run-oflF  of  water  is  practically  eliminated,  because  the  rain  sinks 
into  the  ground  as  fast  as  it  falls.  At  the  same  time  the  water 
storage  capacity  of  the  soil  is  increased  by  making  the  soil  fine  so 
that  each  particle  is  enabled  to  hold  its  film  of  moisture.  Such 
moisture  is  held  through  the  driest  weather  in  a  condition  in  which 
the  roots  can  get  it  best.  The  shattering  of  hardpan  and  breaking 
up  of  heavy  clay  are  simply  incidents  in  the  drainage  and  water 
storage  processes. 

With  the  presence  of  enough  moisture  and  not  too  much,  bac- 
teria thrive,  general  decomposition  of  insoluble  mineral  plant  food 
is  hastened,  air  is  permitted  to  act  on  the  locked-up  plant  food  in 
conjunction  with  moisture,  and  the  total  result  is  that  an  abun- 
dance of  plant  food  is  made  available. 

The  following  is  an  extract  from  a  bulletin  of  the  United  States 
Hawaiian  Experiment  Station: 

"Success  in  farming  depends  to  a  large  extent  upon  the  main- 
tenance of  proper  conditions  for  aeration  and  drainage.  Otherwise 
it  seems  impossible  to  hold  nitrogen  in  the  soil  in  an  available  form 
or  to  bring  about  a  suitable  regulation  of  the  water  supply  or  of  the 
distribution  of  air  among  the  soil  granules." 

If  it  were  added  that  phosphorus  and  potash  could  be  made 
available  by  processes  set  m  motion  by  the  blasting,  the  matter 
would  be  expressed  more  clearly.  Blasting  ground  will  increase 
its  net  return  loo  per  cent.  Thousands  of  progressive  farmers 
have  adopted  blasting  to  increase  their  crops. 

Subsoiling  with  explosives  may  be  done  at  any  time  of  year 
that  the  ground  is  dry.  Usually  it  is  best  done  in  July,  August 
or  September.  Don't  attempt  to  subsoil  wet  land.  To  do  so  is 
the  same  as  to  plow  wet  ground.  The  eff'ect  of  the  explosive  on 
wet  ground  is  to  cake  it  and  pack  it,  to  form  cavities  underground 
— instead  of  to  powder  and  pulverize  and  loosen  it.  The  only 
unfavorable  results  ever  noted  from  subsoiling  were  due  to  the 
fact  that  the  ones  who  did  the  work  failed  to  heed  this  point. 

The  first  thing  to  do  in  preparing  the  soil  is  to  put  down  a 
few  test  holes  over  the  field.  Learn  the  type  and  thickness  of  the 
underlying  ground  down  six  or  seven  feet.  Test  diffierent  parts  of 
your  field.     One  end  of  it  may  be  quite  difi^erent  from  the  other. 

Put  the  charge  down  two  to  four  feet  deep  and  use  half  a 
stick  in  each  hole  for  all  ordinary  ground.  In  very  heavy  clay  or 
thick  hardpan,  the  charges  may  be  increased  to  a  whole  stick  or 
more.  These  charges  should  be  located  in  the  hardpan  if  there  is 
hardpan.     If  there  is  a  thin  layer  of  stiff"  clay  put  the  charge  above 
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it.  If  the  charge  is  placed  underneath,  it  will  expend  its  energies 
in  the  soft  ground  underneath  rather  than  break  up  the  harder 
ground  above. 

Put  down  several  experimental  shots  and  observe  the  effect. 
The  blast  should  heave  the  ground  and  loosen  it  to  the  surface^  but  not 
blow  out  When  blasts  throw  much  more  than  dust  mto  the  air 
it  shows  that  energy  is  wasted,  and  that  the  charge  should  be 
reduced. 

Half  stick  charges  should  be  placed  fifteen  to  twenty  feet 
apart  in  fields  or  six  to  ten  feet  apart  in  gardens.  Whole  stick 
cnarges  when  five  feet  deep  should  be  placed  twenty  feet  apart. 
In  rare  cases,  where  there  is  excessive  hardpan,  two  stick  charges 
six  feet  or  more  deep  and  about  twenty-four  feet  apart,  or  even 
heavier  charges  may  be  used  at  greater  distances  apart.  The 
charges,  whatever  their  size,  should  always  loosen  the  ground  but 
not  blow  it  out.  When  subsoiling  charges  are  placed  properly, 
there  is  little  danger  above  ground,  and  you  may  stav  within  fifty 
feet  when  they  explode.  Tamping  the  holes  solidly  with  damp 
clay  or  sand  helps  to  confine  the  effiects  of  the  explosion  under 
ground.  If  the  hole  is  not  tamped  solidly  gases  will  tend  to  blow 
out  a  mere  post  hole. 

The  holes  may  be  made  with  a  subsoiling  bar  when  they 
are  only  two  or  three  feet  deep,  but  when  four  or  five  feet  deep 
they  can  be  made  best  with  a  dirt  auger.  One  man  can  make  and 
load  twenty  four-foot  holes  in  an  hour,  after  the  cartridges  are 
primed.     Directions  for  preparing  the  chaiiges  are  given  on  page  2ii* 

Firing  may  be  done  either  with  ordinary  caps  and  fuse  or  witn 
the  electnc  blasting  machine.  Where  charges  are  close  together, 
the  blasting  machine  is  much  the  better  because  the  simultaneous 
explosipn  of  the  charges  makes  the  work  more  effective. 

The  proper  explosive  to  use  for  subsoiling  is  Atlas  Farm 
Powder.  This  Powder  is  comtpounded  especially  for  this  purpose 
and  nothing  better  is  made.  Thirty  to  fifty  pounds  of  Atlas  Farm 
Powder  are  required  to  subsoil  an  average  acre.  The  average 
price  for  this  quantity^  is  $4.50  to  $7.50.  The  amount  of  blasting 
material  required  is  given  in  detail  in  the  following  table.  This 
table  is  based  on  half-stick  charges.  If  heavier  charges  are  used, 
add  the  cost  of  additional  Powder  to  the  total. 


Distance 
Apart  of 
charges 

Sticks 
per  Hole 

Pounds 
Powder 
PerAcre 

No.  Hole 
Per  Acre 

No.  of 
Blasting 

Caps 
Per  Acrt 

No.  of  ft. 

of  Fuse 
Per  acre 

ins  ft. 

Holes 

Approxi- 
mate 
Cost 
of  material 
PerAcre 

is  feet 
18   " 
20  " 

H 
^ 
H 

49 

28 

194 
128 
109 

194 
128 
109 

582 

384 
327 

$12.20 
8.00 

6.93 

The  effiects  of  subsoiling  are  more  or  less  permanent.  Even 
if  the  ground  is  not  cropped  as  it  should  be,  the  ^ects  will  last  four 
or  five  years.  When  the  ground  is  cropped  properly  the  good  effects 
of  thorough  subsoiling  will  be  noticeable  for  fifteen  years.  Plant 
annual  crops  that  will  fill  the  soil  with  a  mass  of  roots  for  six  feet 
down.  As  these  roots  die  each  year  when  the  plants  are  harvested, 
they  add  enormous  quantities  of  organic  matter  to  the  soil. 
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Nursery  ground  always  should  be  aubsoiled  with  Adas  Farni  Powder,    On 
ground  so  treated,  young  trees  grow  very  straight,  smooth,  and  large.    Photo  made 

at  Harrison-s  Nurseries,  Bcrrin,  Md. 


In  mountain  sections,  by  subsoiling  vour  orchard  with  Atlas  Farm  Powder 
you  secure  abundant  moisture  storage.  This  enables  you  to  use  the  grass  mulch 
system  of  culture. 


Clean  cidtivatti 
las  Farm  Powder 


n  ground  suksoiled  with 


Apple  tree  and  its  fruit  in  Eubsoiled  ground.  Planted  in  1901,  it  yielded: 
19071  1}  busheU;  1908,  2{  bushels;  1909,  3  bushels;  1910,  10}  bushelt;  1911, 
12  bushels;  1912,  14  bushels;  191],  i}}  busliels.  Photos  from  H.  M.  Magee, 
Waynesboro,  Va. 


Photograph  at  left  shows  two  trees,  the  one  on  your  right  dug  up  from 
blasted  ground,  the  other  ftom  unbUsted  ground,  at  the  New  Jersey  Experiment 
Station.  Drawing  tbow!,  at  left,  how  roots  develop  in  blasted  grouod,  and  at 
right,  how  they  are  limited  in  spade-dug  holes. 
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BLASTING  TO  PREVENT  WASHING  ON 
HILLSIDES  AND  SLOPES 

One  of  the  great  troubles  on  hilly  farms  is  washine.  Many 
farmers  have  to  leave^  a  stretch  of  sod  across  the  middle  of  hill 
fields,  when  the  rest  is  cultivated,  to  prevent  half  their  topsoil 
from  going  down  to  the  road  at  the  bottom  of  the  hill  when  heavy 
summer  rains  come. 

Blasting  subsoil  is  very  effective  in  preventing  this.  By 
working  over  the  entire  area  with  half-stick  charges  placed  three 
or  four  feet  deep,  the  absorption  of  the  ground  is  increased  so  much 
that  it  takes  up  the  rain  as  fast  as  it  falls.  Even  a  forty-eight 
hour  downpour  will  not  fill  the  ground  to  the  point  where  there 
will  be  much  surface  wash. 

BLASTING  SAVES  FERTILIZERS 

Commercial  fertilizers  ordinarily  are  put  in  soil  in  a  very 
fine  and  readily  soluble  condition.  When  heavy  rains  fall  on 
ground  not  subsoiled,  there  is  a  large  amount  of  surface  run-oflF  of 
excess  water.  This  carries  with  it  a  considerable  proportion  of  the 
fertilizer  as  well  as  other  plant  food. 

Ground  subsoiled  with  Atlas  Farm  Powder  is  opened  up 
thoroughly  to  a  depth  of  several  feet.  When  commercial  fertilizer 
is  applied  to  such  ground,  the  rains  merely  wash  it  down  into  the 
subsoil,  where  it  is  retained.  The  better  moisture  conditions 
in  the  blasted  ground  also  help  the  roots  to  absorb  the  fertilizer 
more  readily. 

EVIDENCE 

"I  have  used  dynamite  in  tree  planting  on  some  2,000  trees,  and  am  very 
well  satisfied  with  the  results  of  the  work." 

WM.  H.  PRATT,  The  National  Valley  Bank,  Staunton,  Va. 

"We  use  quite  a  lot  of  dynamite  for  tree  planting.  We  are  planting  8  acres 
of  pecans,  with  fruit  trees  between,  and  are  usmg  dynamite  for  all." 

W.  C.  REED,  Vincennes  Nurseries,  Vincenncs,  Ind. 

"All  of  my  apple  trees  were  dynamited.  The  difference  between  the  trees 
where  dynamite  was  used  and  those  where  dynamite  was  not  used  is  almost  be- 
yond description.  The  spade-planted  trees  are  practical  failures,  both  as  to  growth 
made  and  the  number  of  trees  that  lived.  It  took  22  trees  to  replant  those  that 
died  among  1 1,000  planted  with  dynamite.  It  took  131  trees  to  replant  those  that 
died  among  400  planted  without  dynamite.  Dynamited  trees  made  an  average 
growth  of  4  feet  and  there  are  plenty  of  trees  that  made  a  growth  of  7  feet.  Un- 
blasted  trees  made  a  growth  of  from  6  to  12  inches." 

J.  N.  McBRIDE,  Norfolk,  Va. 

"I  shot  3100  pounds  of  dynamite  last  year.  I  blasted  all  kinds  of  ground. 
I  drained  water  holes  with  dynamite  that  could  not  be  drained  in  any  other  way. 
Forty  acres  in  Harvejr  County  for  Mr.  Schragg  were  drained  with  50  pounds  of 
dynamite.^  The  land  is  in  perfect  condition  yet.^  In  Pawnee  County  three  years 
ago,  I  drained  a  40-acre  pond  for  Edward  Ford  with  25  pounds  of  dynamite.  The 
water  was  3  feet  deep  when  we  started.  In  36  hours  the  land  was  dry.  I  don't 
believe  there's  a  pond  of  water  in  the  state  of  Kansas  that  I  could  not  drain  with 
dynamite  unless  it  is  fed  by  a  spring." 

A.  G.  CRABB,  Hutchinson,  Kansas. 
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PREPARING  THE  BEDS  FOR  TREES 
WITH  ATLAS  FARM  POWDER 

Blasting  the  soil  for  trees  makes  young  trees  begin  to  bear  a 
year  or  two  sooner,  and  makes  all  fruit  trees  bear  heavier  crops  of 
nner  fruit.  It  provides  free  drainage,  gives  water-storage  capacity 
to  the  soil,  and  gives  the  roots  an  opportunity  to  develop.  In 
blasted  soil  the  root  systems  of  trees  will  develop  two  or  four  times 
as  large  as  they  will  in  ordinary  holes.  How  they  do  this  is  shown 
in  the  drawings  and  photograph  on  page  32. 

Blasting  soil  for  trees  also  hastens  the  chemical  and  the  bac- 
terial action  in  transforming  insoluble  plant  food  elements,  and 
thereby  increases  the  plant  food  available  for  the  roots.  The 
benefits  in  this  respect  are  beyond  estimating.  If  you  have  not 
read  pages  9  to  17,  which  explain  this,  turn  back  now  and  study 
them. 

Blasting  tree  holes  saves  work.  Of  course,  you  can  dig  out 
enough  ground  in  a  few  minutes  to  let  the  roots  be  stuck  in  and 
covered  up  in  some  kind  of  way,  but  if  your  trees  are  to  be  planted 
righty  it  will  take  time  to  dig  the  holes  large  enough  and  to  fill 
them  in  with  topsoil  and  set  the  trees  solidly.  When  soil  is  blasted 
properly,  no  digging  is  required.  The  ground  is  loose  enough  and 
fine  enough.  You  need  only  lay  out  two  or  three  shovelfuls  of  dirt 
and  cover  and  pack  the  roots. 

Regarding  tree  planting,  the  United  States  Department  of 
Agriculture's  Experiment  Station  at  Honolulu  expresses  the  prob- 
lem so  clearly  that  it  should  be  quoted: 

"Without  the  use  of  dynamite  it  is  necessary  to  dig  the  holes 
at  least  three  feet  in  diameter  and  two  feet  deep.  In  heavy  soils 
this  will  require  the  labor  of  one  man  for  about  an  hour.  If  the 
hole  thus  prepared  is  filled  with  new  soil  and  the  tree  planted  in  it, 
the  tree  may  thrive  for  a  year  or  two  but  the  roots  soon  meet  with 
the  smooth  and  compacted  sides  of  the  hole,  through  which  they 
have  ^reat  difficulty  in  penetrating.  The  tree  is  in  about  the  same 
situation  as  if  it  had  been  planted  m  a  large  tub.  When  dynamite 
is  used,  however,  the  cracks  are  formed  in  the  soils  to  greater  depths 
than  would  be  reached  by  hand  digging — ^to  distances  of  five  or 
sometimes  six  feet  on  all  sides.  This  makes  the  very  best  condi- 
tions for  the  continued  growth  of  the  tree.  For  tree  planting 
dynamite  is  recommended  confidently  as  the  best  method  of  pre- 
paring the  soil." 

In  all  loam  or  heavy  soils,  the  water-storage  capacity  is 
increased  by  blasting.  In  a  very  heavy  deep  clay,  blasting  only 
where  the  trees  are  to  stand  may  result  in  water  standing  m  the 
bottom  of  the  loosened  soil  where  blasted.  Surrounding  this  may 
be  a  water-tight  wall  of  hard  or  unloosened  soil.  The  remedy  is 
to  blast  the  entire  subsoil  of  the  orchard.  This  should  be  done 
in  every  orchard,  although  it  is  better  to  blast  only  the  tree  holes 
rather  than  not  to  blast  at  all. 

The  charges  for  blasting  tree  holes  should  be  about  a  half- 
stick  of  Atlas  Farm  Powder  placed  two  or  four  feet  underground. 
Once  in  a  while,  in  very  heavy  hardpan,  it  may  be  necessary  to  use 
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a  whole  stick  or  even  a  stick  and  a  half  of  Powder  deeply  placed. 
Half-'Stick  charges  usually  are  enough.  Put  the  holes  down  with 
a  subsoil  bar  and  sledge,  or  with  a  dirt  auger.  The  effect  you  want 
is  to  heave  or  swell  the  ground.  Don't  permit  the  blast  to  blow  out* 
Put  the  chaise  at  a  depth  that  will  produce  the  right  effect. 
Tamping  the  holes  tightly  helps  to  prevent  blowing  out. 

Within  a  day  or  two  after  the  charges  are  exploded,  go  to 
the  holes  and  with  a  stick  or  bar  ram  full  any  cavities  under  the 
ground  where  the  explosions  took  place.  One  orchardist  instructs 
his  men  to  ^Mig  out  the  smoke"  after  each  blast.  The  idea  is  to 
see  that  there  are  no  air  spaces  under  ground.  If  trees  are  to  be 
planted  immediately,  be  careful  about  this.  When  blasted 
*  holes"  are  left  over  winter,  the  frost  and  snow  and  air  will  mellow 
the  blasted  earth,  and  the  rain  will  fill  up  all  cavities.  One  rule 
that  must  be  obeyed  when  blasting  tree  holes  is  to  do  the  work 
only  when  the  ground  is  dry.  Aside  from  this  you  can  blast  any 
time  of  the  year,  and  from  one  hour  to  a  whole  year  before  you 
set  the  trees. 


BLASTING  IMPROVES  TREES  AND  CROPS 

In  old  orchards  the  ground  usually  is  packed  solidly  from  the 
rains  and  tramping  of  many  years.  It  stores  little  water,  contains 
few  beneficial  bacteria  and  almost  no  air.  Most  of  the  rainfall 
runs  off  the  surface  because  it  cannot  penetrate  the  compacted 
ground.  In  such  soil  trees  starve  because  of  lack  of  plant  food, 
and  they  cannot  even  send  their  roots  through  the  ground  to 
secure  sufficient  anchorage.  You  can  change  such  ground  to  rich 
and  fertile  soil  without  damaging  the  trees  by  using  Atlas  Farm 
Powder. 

Even  newly  planted  orchards  where  the  ground  is  not  subsoiled 
are  subject  in  a  measure  to  the  same  conditions.  The  top  six 
inches  or  more  of  the  ground  may  have  been  plowed  and  worked 
thoroughly,  but  underneath  this  the  same  old  conditions  prevail. 
Plant  food  is  scarce,  no  water  is  stored,  and  the  young  trees  fail 
to  find  encouragement  in  their  desire  to  grow.  Such  young 
orchards  fail  to  bear  for  many  years. 

The  remedy  is  to  blast  the  soil  all  over* the  orchard.  This 
will  brin^  a  high  degree  of  tilth  immediately,  particularly  if  the 
blasting  is  followed  bv  planting  of  the  ri^ht  kind  of  soiling  crops, 
as  explained  previously.  The  blasting  will  also  provide  the  water 
storage,  and  will  put  the  ground  in  a  condition  to  absorb  and  hold 
moisture  enough  for  the  trees  in  the  driest  weather.  It  will  cause 
a  great  enlargement  of  the  root  development  of  all  the  trees,  and 
will  set  in  motion  processes  that  will  release  unlimited  amounts 
of  plant  food.  Trees  bear  a  year  or  two  sooner  in  subsoiled  ground, 
and  yield  heavier  crops. 

Use  light  charges  of  one-quarter  to  one-half  a  stick  of  Atlas 
Farm  Powder  placed  from  five  to  fifteen  feet  away  from  the  trees. 
The  distance  from  the  trees  that  it  is  safe  to  explode  the  charges 
depends  upon  their  age.  Young  trees  can  have  the  charges  very 
close  if  only  a  small  amount  of  Powder  is  used.    With  old  trees 
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the  blasts  should  be  placed  underneath  the  outer  ends  of  the 
limbs.  Sometimes  it  is  safe  to  blast  directly  under  the  trunk,  12 
to  15  feet  deep. 

In  thick  nardpan  or  clay  a  good  way  is  to  place  charges  of  one 
to  three  sticks  ot  Atlas  Farm  Powder  so  deeply  that  they  will 
not  blow  out,  but  merely  heave  the  ground.  Half-stick  charges 
usually  will  need  to  be  about  2j/i  feet  deep.  A  charge  of  proper 
strength  in  comparison  to  the  depth  will  work  sideways  almost 
twice  as  far  as  tne  hole  is  deep.  This  rule  may  govern  the  dis- 
tance between  the  holes. 

A  few  experimental  charges  will  show  you  how  deep  to  place 
the  charges  and  how  much  Farm  Powder  to  use.  Chame  so  the 
blasts  do  not  blow  out,  but  only  heave  the  pround.^  in  young 
orchards  the  best  plan  is  to  explode  systematically  either  one  or 
two  charges  on  a  direct  line  between  each  two  trees.  ^  Atlas  Farm 
Powder  is  the  one  best  explosive  for  this  because  it  cracks  and 
opens  the  soil  without  shattering  and  tearing  roots.  Do  the  blast- 
ing after  the  growth  is  over  in  the  late  summer  or  fall,  or  in  late 
spring  before  the  leaves  have  reached  their  full  size.  Blast  only 
when  the  soil  is  dry.  Wet  soil  will  pack  and  cake  instead  of  pow- 
dering and  cracking. 

onade  trees  which  are  not  making  a  proper  growth  may  be 
benefited  immediately  by  blasting  the  subsoil  with  Atlas  Farm 
Powder. 

EVIDENCE 

"I  have  used  great  quantities  of  dynamite  for  blasting  tree  holes.  The  land 
here  in  Dade  County,  Florida,  is  extremely  rocky.  Mv  method  is  to  place  a  heavy 
charge  at  the  bottom  of  a  hole  about  2  feet  deep.  I  leave  the  broken  rock  in  the 
hole.  Dynamiting  is  a  great  advantage  in  our  rocky  soils.  The  larger  part  of  the 
citrus  groves  set  by  me  have  had  dynamite  used  where  the  trees  were  set." 

E.  V.  BLACKMAN,  Miami,  Florida. 

"I  dynamited  rocks  on  an  acre  and  a  quarter  of  land  that  was  too  rough  to 
drive  over.  It  was  a  tough  field.  Before  dynamiting  it  was  worth  only  $$  an 
acre.  Now  it  is  worth  at  least  $200  an  acre.  From  this  piece  of  land  I  have  just 
harvested  a  crop  of  winter  wheat  that  went  40  bushels  to  the  acre  and  averaged  more 
than  5  feet  high." 

GEORGE  V.  SMITH,  New  Haven,  Conn. 


"We  have  proved  conclusively  that  dynamiting  in  tree  holes  insures  a  rapid 

Srowth  of  strong  fruit  wood,  and  personally  I  believe  that  the  trees  planted  in 
vnamited  holes  bear  fruit  one  year  earlier  than  the  old  style  planring.  Our  1913 
planting  in  dynamited  holes  averaged  more  than  96%  of  live  trees  at  the  end  of 
the  growing  season.  A  15-acre  orchard  with  780  trees  shows  on  inspection  after 
the  growing  season  only  two  dead  trees,  and  these  were  defective  when  they  left 
the  nursery." 

H.  M.  MAGEE,  Waynesboro,  Va. 

"About  15  years  ago  I  wanted  to  drain  a  muck  pond.  It  contained  about 
3  acres,  and  the  ditch  had  to  be  cut  through  a  ridge  about  6  feet  high  on  the  side 
and  300  feet  wide.  The  ditch  to  be  made  had  to  be  7  feet  deep,  18  inches  wide  at 
the  bottom,  and  5  feet  at  the  top.  The  explosive  used  threw  out  the  hardpan  for 
100  to  150  feet  at  each  side  of  this  ditch.  This  hardpan  would  not  grow  anything 
at  all  before  it  was  exposed  to  the  air,  but  immediately  it  was  exposed,  the  msolu- 
ble  plant  food  elements  were  mellowed  and  broken  down,  and  1  found  that  sev- 
eral grasses  that  would  grow  only  in  fertile  soil  had  started  in  to  grow  luxuriantly 
in  this  disintegrated  hardpan.  The  sickly  palmettos  on  the  ridge  along  the  ditch 
began  to  boom,  and  the  sapling  pines  made  an  exceptional  growth." 

FRANCIS  K.  ADAMS,  Punta  Gorda,  Fla. 
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HOW  TO  MAKE  DITCHES  OF  ALL  KINDS 
CHEAPLY  WITH  ATLAS  POWDER 

Ditches  of  all  sizes  from  the  smallest  to  the  largest  should 
be  due  with  Atlas  Powder.  Blasting  ditches  is  much  easier,  quick- 
er and  cheaper  than  any  other  method.  Any  intelligent  man  can 
learn  to  do  it  in  half  an  hour.  Where  ditches  are  dug  by  hand  the 
cost  usually  runs  around  25  cents  a  cubic  yard  of  material  removed. 
If  teams  can  be  used,  the  cost  comes  to  12  cents  a  cubic  yard. 

Both  of  these  methods  consume  much  time.  To  dig  a  ditch 
of  any  considerable  length  will  keep  two  or  three  men  busy  several 
weeks.  With  Adas  Powder  the  same  ditch  can  be  made  in  a 
day  or  two  by  one  or  two^men,  and  the  cost  of  doing  it  would  aver- 
age only  4  to  8  cents  per  cubic  yard  of  material  moved.  A  ditch 
three  to  four  feet  deep  and  three  to  five  feet  wide  can  be  blasted 
at  a  cost  of  about  4  to  6  cents  a  running  foot.  Smaller  ditches 
cost  less  and  larger  ditches  cost  more. 

With  the  shovel  or  team  method  of  making  ditches,  the  work 
usually  has  to  be  done  during  the  summer  when  the  ground  is  dry, 
just  at  the  busiest  time  of  the  year.  Explosives  for  ditch  digging 
work  most  efficiently  wheii  the  ground  is  wet,  and  ditches  may  be 
made  with  Atlas  Powder  in  the  spring  or  during  the  wet  periods 
in  summer  and  fall  when  other  farm  work  can  not  be  done. 

You  can  make  a  ditch  through  any  kind  of  ground  with  Atlas 
Powder  without  preliminary  work.  No  matter  how  thick  the  brush 
or  how  swampy  the  ground  may  be,  all  }rou  need  to  do  is  to  climb 
through,  place  the  charge,  and  the  explosive  will  do  all  the  clearing 
necessary.  If  you  dig  ditches  through  such  land  by  hand  or  with 
a  team,  you  have  to  spend  a  lot  of  time  removing  brush  or  stumps. 

Another  great  advantage  of  a  blasted  ditch  is  that  the  explo- 
sive ma^  be  made  to  scatter  the  dirt  for  many  feet  on  either  side 
of  the  ditch.  If  you  prefer  to  have  the  dirt  on  one  side,  do  the 
work  on  a  windy  day  when  the  wind  is  coming  from  the  desired 
direction.  A  properly  blasted  ditch  will  need  little  or  no  shoveling. 
The  banks  will  be  reasonably  even  as  soon  as  the  blasting  is  done, 
and  they  always  square  up  nicely  after  the  water  comes  in.  See 
engravings  on  page  38. 

The  only  tools  required  for  preparing  the  holes  for  blasting 
ditches  are  a  sledge  and  bar  or  a  dirt  auger.  The  latter  is  pre- 
ferable nearly  every  time  except  in  very  wet  ground.  Ditches 
up  to  five  feet  wide  at  the  top  can  be  made  with  one  row  of  holes 
or  charges;  if  between  six  and  twelve  feet  wide,  two  rows  would 
be  required,  and  from  twelve  to  twenty  feet  three  rows  of  holes. 
The  distance  between  the  rows  of  holes  should  be  2)^  to  four 
feet.  When  more  than  one  row  of  holes  is  used,  the  charges 
should  be  ^'staggered''  or  alternated. 

The  amount  of  each  chaise,  the  distance  apart  of  the  charges 
in  the  row,  and  the  depth  of  the  holes  depend  on  the  character 
of  the  soil  and  its  condition.  Heavv  clay,  such  as  clay  and  muck, 
always  is  thrown  out  better  than  light  soil.  That  is.  Atlas  Powder 
will  throw  out  a  bigger  ditch  in  heavy  soil  than  in  light  soil.  If 
the  ground  is  wet  the  charge  will  throw  out  the  ground  better  than 
if  it  IS  dry.  Wet  soil  takes  less  explosives,  and  the  ditch  made  in  it 
will  be  larger  than  in  dry  soil,  and  more  even. 
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The  accompsuiying  table  shows  the  amount  of  Powder  re- 
quired, the  proper  charges  for  each  hole,  the  depth  of  the  holes,  and 
the  approximate  cost  of  the  Powder  per  lOO  feet  of  ditch  for  various 
sizes  of  ditch. 


AVERAGE  COST  OF  BLASTING  DITCH 

Size  of  Ditch            Average  cost  Sticks  to  Depth  of 

Depth       Width  of  powder  charge  holes 

2  feet         3  feet  $500  ^  15-18  inches 

3  feet         s  feet  7.00  I  30  inches 

4  feet         6  feet  7.50  1}4  30  inches 

5  feet         7  feet  8 .  50  2  42  inches 
5  feet       12  feet  i3So  ^/^  42  inches 


42  mcnes 
(two  rows  holes) 


These  figures  apply  to  very  damp  heavy  ground  of  the  average 
farm.  In  some  sections  of  the  country,  the  same  size  ditch  can 
be  made  much  cheaper  while  in  a  few  other  sections  the  cost  may 
run  higher,  particularly  if  the  ground  contains  many  stumps, 
roots  or  flat  stones. 

You  cannot  expect  to  do  satisfactory  ditching  in  frozen  ground. 
Put  it  off  until  the  ground  thaws.  If  nardpan  or  rocks  are  close 
to  the  surface,  put  the  charges  down  on  top  of  this,  but  not  in  it. 
Experiment  before  you  charge  many  holes.  Try  the  different 
soils  along  the  line  of  the  ditch.  Try  different  amounts  of  Powder 
placed  at  diffierent  depths  and  at  different  distances  apart.  Only 
m  this  way  can  you  learn  how  to  make  the  best  ditch  at  the  least 
cost.     Proper  methods  make  perfect  ditches  for  very  little  money. 

A  great  many  ditches  on  the  average  farm  are  what  might 
be  called  minimum  ditches  or  smallest  ditches.  The  idea  is  to 
get  a  deeper  and  more  permanent  ditch  than  a  plow  will  make 
but  not  a  large  one.  For  a  ditch  of  this  kind  one  row  of  three- 
quarter  stick  charges  placed  fifteen  to  eighteen  inches  deep  usually 
is  the  amount  of  explosive  to  use.  Where  sticks  are  cut  in  two, 
the  exposed  end  of  the  Powder  should  be  covered  with  tallow,  clay 
or  soap,  to  prevent  water  from  soaking  into  the  cartridge. 

Put  the  holes  down  to  a  depth  within  six  inches  to  eighteen 
inches  of  the  desired  depth  of  the  ditch.  It  is  best  to  ma^e  the 
holes  with  a  i^  inch  bar  or  auger.  Don't  get  the  charges  too 
deep  in  the  ground,  because  the  explosive  works  more  efficiently 
whenplaced  rather  shallow. 

The  charges  should  be  tamped  fairly  well  unless  water  almost 
fills  up  the  holes.  Fire  charges  within  half  an  hour  if  the  water 
covers  them.  Explosives  will  work  better  in  all  ditching  if  the 
temperature  of  the  soil  or  the  water  is  higher  than  35  degrees. 
See  paragraph  on  chilling  of  Powder,  page  59.  If  the  soil  is  only 
damp,  or  is  dry,  the  charges  may  be  left  in  them  for  several  hours 
without  losing  strength. 

Firing  the  charges  may  be  done  with  fuse  and  caps,  or  with 
electric  fuzes  and  blasting  machine.     When  conditions  are  right 
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only  the  centre  chaiige  of  the  tow  needs  to  be  exploded  directly. 
In  ground  that  is  wet  or  reasonably  damp,  particularly  if  it  is  clay 
or  heavy  muck,  if  you  prime  and  iire  the  middle  charge  of  one  row 
of  holes,  the  whole  row  of  charges  will  be  exploded,  when  the 
charges  are  close  enough  together.  It  is  the  shock  wave  from 
each  explosion  traveling  to  the  next  one  that  does  the  work. 
Under  proper  conditions  this  shock  wave  travels  through  the  ground 
from  the  charge  to  chance  faster  than  you  can  detect  it  when  the 
explosion  takes  place.  The  explosions  occur  almost  simultaneously. 
In  order  to  insure  the  success  of  this  method  of  firing,  charges 
of  one  stick  to  a  hole  must  be  placed  within  fifteen  to  thirty 
inches  of  each  other.  If  i^  or  2  sticks  are  used  in  each  hole,  the 
charges  may  be  as  far  as  30  inches  apart.  Where  three-quarter 
stick  charges  are  used,  the  distance  should  be  not  more  than  16 
to  20  inches  and  the  ground  must  be  wet. 

This  method  of  firing  the  charges  is,  of  course,  much  easier, 
quicker,  and  less  expensive  than  where  each  separate  hole  has  to 
be  primed,  and  it  should  be  taken  advantage  of  whenever  possible. 
Where  there  are  two  or  three  rows  of  holes  with  thirty  inches  or 
more  between  the  rows,  it  is  necessary  to  fire  the  centre  charge 
of  each  row  with  a  blasting  machine,  or  put  one  extra  charge  be- 
tween the  rows  at  the  center  charges.  Firing  one  of  the  center 
charges  then  will  explode  all  the  rows.  Load  two  or  three  charges 
in  each  row  at  the  center  with  half  again  as  much  Powder  as  you 
use  for  the  other  holes.  It  Is  best  to  use  two  sticks  at  least, 
and  if  the  charges  are  placed  thirty  inches  apart,  use  three  sticks 
to  start.  These  center  charges  may  be  fired  with  ordinary  fuse 
and  caps  or  with  a  blasting  machine  and  electric  fuzes. 

Whenever  the  ground  Is  only  damp,  or  is  dry,  and  when  the 
soil  is  sandy  or  very  light,  the  shock  from  the  center  explosion 
will  not  travel  through  the  ground  with  sufficient  strength  to  ex- 
plode the  adjoining  charges.  Also  if  there  are  many  stumps  or 
roots  in  the  ground  or  flat  stones  on  their  edges,  sufficient  shock 
to  explode  the  next  charges  will  not  be  transmitted.  Hardpan, 
to  a  certain  extent,  and  ^ozen  ground,  also  prevent  the  shock 
from  traveling  through  the  earth.  To  blast  ditches  satisfactorily, 
under  these  conditions,  it  Is  necessary  to  prime  each  charge,  and 
fire  with  an  electric  blasting  machine.  This  enables  you  to  put 
off  all  the  charges  at  once,  and  their  combined  forces,  acting 
simultaneously,  accomplish  more  work  then  they  would  if  exploded 
one  at  a  time,  or  if  there  were  a  second  or  more  of  time  between 
the  explosions.  Ordinar^r  fuse  and  caps  may  be  used  for  short 
ditches  if  a  blasting  machine  cannot  be  had. 

The  method  of  priming  the  cartridge  and  connecting  up  the 
wires  is  explained  fully  on  pages  24  to  28.  Load  and  pnme  with 
electric  fuzes  as  many  holes  in  the  ditch  as  the  temperature  of 
the  ground,  the  amount  of  water  present  and  the  capacity  of  your 
blasting  machine  will  permit,  and  then  fire  them  all  together. 
If  the  water  does  not  cover  the  charges  In  the  holes,  a  loose  tamping 
of  dirt  is  required  for  best  results.  See  that  the  electric  fuze 
wires  connecting  the  charges  are  properly  twisted  together  and 
before  you  fire  the  charges  see  that  everybody  is  out  of  the  road. 

Where  a  blasting  machine  Is  used  the  charges  may  be  placed 
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as  far  apart  as  you  want  to  put  them.  Four  feet  often  is  not  too 
much.  Heavy  charges  must  be  used  in  each  hole.  The  distance 
apart  may  be  greater  when  the  holes  are  shallow. 

If  trees  or  stumps  stand  in  the  line  of  the  ditch  or  near  it, 
move  them  at  the  same  time  the  ditch  is  blasted.  See  page  47  for 
the  proper  amount  of  Powder  to  use  under  them. 

The  proper  explosive  to  use  for  making  small  ditches  in  dry 
ground,  where  each  charge  is  primed  and  the  firing  done  with  an 
electric  blasting  machine,  is  Atlas  Farm  Powder.  For  all  other 
ditches  use  Atlas  Powder  50  per  cent,  or  60  per  cent.  This  is  the 
better  explosive  to  use  when  you  fire  the  charges  by  the  transmitted 
shock  method.  Where  the  work  is  wet  be  sure  to  get  waterproof 
fuse  or  electric  fuzes  as  the  case  may  be.  When  the  charges  go 
under  water,  be  sure  that  the  joints  where  the  caps  and  fuse  come 
together  and  where  the  caps  and  fuse  or  electric  fuzes  enter  the 
cartridge  are  made  watertight  with  tallow. 


DRAINING  SWAMPS  WITH  ATLAS  POWDER 

In  many  swamps  and  ponds  the  water  is  held  only  by  under- 
lying layers  of  clay  or  hardpan.  Underneath  these  watertight 
strata  is  an  open  layer  of  earth  which  will  carry  away  the  water. 

Such  places  may  be  drained  by  blasting  openings  through  the 
hardpan  or  clay  down  to  the  open  ground  underneath.  Put  down 
one  or  more  test  holes  through  the  bottom  of  the  pond  until  you 
strike  loose  ground  underneath  the  hardpan  or  clay.  You  may 
have  to  go  down  as  much  as  thirty  feet  to  do  this,  or  you  may 
strike  it  within  six  feet.  A  pond  or  swamp  of  half  an  acre  usually 
may  be  drained  with  one  blast. 

An  extension  dirt  auger  is  best  for  making  the  holes.  Put  the 
hole  down  to  the  depth  previously  determined  upon^by  the  test 
holes,  then  "spring"  it  at  the  bottom  with  one  stick  of  Powder. 
This  will  close  the  hole  up  slightly,  but  it  can  be  opened  easily. 
Fire  this  charge  the  same  as  you  do  the  main  charge. 

After  giving  the  hole  a  few  minutes  to  cool,  lower  the  sticks  of 
the  main  charge  and  press  each  one  to  the  bottom  of  the  hole. 
The  primer  should  be  a  whole  stick  of  Powder  fitted  with  water- 

froof  electric  fuze.     If  water  fills  the  hole  you  need  no  tamping, 
f  it  does  not,  tamp  the  hole  solidly. 

.  The  amount  of  explosive  to  use  depends  upon  the  depth  of 
the  hole  and  the  thickness  of  the  hardpan.  If  the  hole  is  6  feet 
deep,  a  charge  of  4  sticks  of  Atlas  Powder  60  per  cent,  is  enough; 
an  8-foot  hole  should  have  6  sticks;  lo-foot  holes,  8  sticks; 
15-foot  holes,  10  sticks;  20-foot  holes,  15  sticks;  and  30-foot  holes, 
20  sticks. 

If  your  pond  or  swamp  fills  with  water  only  during  the  wet 
season,  do  the  blasting  in  the  dry  season.  If  water  stands  too  deep 
to  permit  you  to  wade,  do  the  work  from  a  raft.  Make  the  ratt 
witn  a  hole  through  the  center  and  run  a  three  or  four-inch  pipe 
down  through  this  to  the  bottom.  Do  vour  drilling  through  this 
pipe.    When  the  hole  is  loaded  remove  the  pipe  and  raft. 


il'  :  a 

>    1  :    3 


iOA  H,  IPfl 


How  the  charges  should  be  placed  for  digging  ditches-  of  diiTereni  width 
depths.     See  complete  directions  on  piBc  39- 


Canal  through  a  levee  along  a  river,  made  entirely  with  Alias  Powder.    Thii 
photograph  show)  what  ditches  it  is  possible  lo  make. 
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HOW  TO  REMOVE  ALL  STUMPS  QUICKLY 
WITH  ATLAS  FARM  POWDER 

Every  stump  in  your  fields  causes  you  much  loss.  Breakage 
of  tools  such  as  plow-shares,  singletrees,  harness,  part  of  mow- 
ing machines  and  binders  is  one  of  the  smallest  items.  It  takes 
far  more  time  to  turn  out  for  the  stumps  than  it  does  to  drive 
directly  over  the  place  where  they  stood. 

The  average  stump  takes  up  or  prevents  crops  from  occupy- 
ing almost  a  square  rod  of  ground,  if  there  are  thirty  stumps  to 
the  acre,  they  occupy  nearly  one-fifth  of  the  total  area  of  the 
field,  and  if  the  crop  from  the  remaining  four-fifths  is  worth  $40  an 
acre,  the  crop  from  the  whole  field  when  the  stumps  are  removed 
will  be  wortn  $50  an  acre.  The  increase  is  all  profit,  because 
there  is  no  additional  expense  connected  with  planting  or  culti- 
vating the  ground  occupied  by  the  stumps.  If  your  net  profit  is 
^10  an  acre,  this  means  an  increased  pront  of  100  per  cent. 

On  some  of  the  best  land  stumps  are  so  thick  that  wide  har-- 
rows,  double  cultivators,  binders,  etc.,  cannot  be  used  at  all,  and 
hand  cultivation  is  the  only  means  of  growing  crops.  Only  indif- 
ference on  the  part  of  many  farmers  explains  why  lots  of  stumps 
are  allowed  to  remain  when  they  should  have  been  removed  many 
years  before. 

With  explosives  one  man  can  remove  fifty  average  stumps  a 
day  at  a  cost  of  only  12  to  20  cents  each,  including  wa^es  and 
Powder.  If  three  men  work  together,  two  of  them  makmg  the 
holes  and  the  third  preparing  the  charges  and  bossing  the  job,  they 
can  do  four  times  as  much  as  one  man. 

Blasted  stumps  make  excellent  kindling,  particularly  if  they 
are  pine  or  hemlock.  The  blasting  breaks  up  the  subsoil  for  yards 
around  the  stumps.  The  holes  made  by  the  blasts  will  be  filled 
up  almost  entirely  when  you  plow  and  harrow  over  them.  If  any 
depressions  remam,  they  are  easily  filled  up  by  scraping  dirt  into 
them  with  a  plow  or  by  a  little  shoveling. 

The  method  of  preparing  the  charges  and  firing  them  is 
described  in  detail  on  pages  24  to  28.  The  methods  of  blowing 
the  stumps  are  pretty  well  understood  everjrwhere,  but  some 
people  still  fail  to  use  the  best  methods.  By  studying  the  following 
suggestions  you  can  remove  your  stumps  most  effectively  and  do 
it  at  little  cost. 

The  tools  you  need  are  a  bar  and  sledge  or  a  dirt  auger.  With 
a  few  stumps  you  will  also  need  a  long-shank  wood  auger.  If  the 
stumps  are  a  year  or  more  old,  the  bark  and  the  fine  roots  have 
begun  to  rot  and  the  hold  of  the  stumps  on  the  earth  has  been 
loosened  to  a  certain  extent.  When  green  stumps  must  be  blasted 
immediately,  they  require  about  half  again  as  much  explosive  as 
dead  stumps. 

The  charge  should  be  placed  under  the  centre  of  resistance 
of  the  stump.    The  actual  centre  of  the  stump  often  is  not  the 

Slace.  Examine  the  main  roots  and  see  if  one  side  of  the  stump 
as  more  of  them  than  the  other.  If  the  stump  is  on  a  hillside, 
the  charge  should  be  slightly  up  hill  from  the  centre  of  the  stump. 
Hardwood  stumps  up  to  twenty-four  inches  in  diameter  seldom 
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require  more  than  one  charge.  Pine  stumps,  or  any  other  stumps 
with  long  roots  similar  to  pme,  when  very  large,  often  can  be  best 
removed  by  several  charges.  Place  one  under  the  centre  of  the 
stump  and  one  under  each  of  the  larger  roots. 

It  is  best  to  have  from  six  to  twelve  inches  of  earth  between 
the  charge  and  the  wood.  The  de[)th  to  put  the  charges  depends 
entirely  on  the  stumps.  One  rule  is  to  put  them  as  many  inches 
under  the  normal  surface  of  the  ground  as  the  stump  is  inches 
in  diameter  at  the  surface  of  the  ground.  That  is,  if  the  stump 
is  one  foot  in  diameter,  put  the  charge  one  foot  below  the  surface 
of  the  ground.  If  the  stump  is  thirty  inches  in  diameter,  put  the 
charge  thirty  inches  under  ground.  This  rule  must  be  modified 
for  different  soils.  Light  sandy  soil  requires  deeper  placing  of 
charges  than  heavy  clay  soil.  Stumps  blow  out  with  less  explosive 
in  clay  than  in  sand.  In  very  light  soil  it  pays  to  blast  pine 
stumps  with  more  than  one  charge,  of  course  firing  them  all  at 
once  with  a  blasting  machine. 

Long  rooted  stumps  require  that  charges  be  placed  deeper 
than  short  rooted  ones.  In  blasting  stumps  with  very  large  tap 
roots  that  go  straight  down  into  the  ground,  it  is  sometimes  of 
advantage  to  bore  into  these  tap  roots  with  a  wood  auger  and 
place  the  charge  right  in  the  wood.  You  usually  can  throw  out 
such  a  stump  as  this  by  placing  the  charge  against  the  side  of  the 
tap  root.  Don't  start  your  hole  too  far  away  from  the  stump. 
Nearly  all  stumps  have  hollows  between  the  roots  where  you  can 
start  the  bar  or  auger  and  save  a  couple  of  feet  of  boring  and  of 
fuse. 

When  the  charges  are  placed  too  near  the  surface,  they  merely 
blow  off*  the  top  of  the  stump  and  leave  the  roots  tight  in  liie 
ground.  When  charges  are  too  deep  they  exhaust  their  energies 
without  throwing  out  the  stumps.  But  it  is  better  to  have  the 
charge  too  deep  than  too  shallow,  because  you  can  get  the  loosened 
stump  out  more  easily  than  you  can  get  out  one  with  the  roots 
left  tight. 

When  blasting  a  very  large  stump  where  one  charge  of  sev- 
eral sticks  of  explosive  is  needed,  you  will  have  difficulty  in  get- 
ting enough  of  a  hole  under  the  stump  to  contain  the  explosive 
at  the  right  place.     Often  in  putting  down  holes  under  any  stump, 

?'ou  encounter  roots  or  stones  that  interfere  with  the  auger  or  bar. 
n  both  these  cases  a  ^'springing''  charge  of  about  a  quarter  of  a 
stick  of  Atlas  Farm  Powder  should  be  exploded  at  the  bottom  of 
the  hole  as  far  as  you  have  made  it,  or  entirely  down  where  you 
want  the  main  charge  to  be.  This  will  loosen  up  the  soil  and 
make  enough  of  a  cavity  at  the  right  place  to  contain  the  proper 
amount  of  Atlas  Powder  in  one  charge.  The  use  of  this  little 
priming  charge  will  often  save  an  hour  s  time.  A  man's  time  for 
an  hour  is  worth  20  cents  or  more.  The  Powder  and  fuse  cost 
about  4  cents.  Be  careful  to  give  the  hole  fifteen  or  twenty  minutes 
to  cool  before  you  put  in  the  main  charge.  If  you  do  not,  the  heat 
of  the  previous  explosion  may  explode  the  Powder. 

Three  or  four  sticks,  end  to  end,  make  too  long  a  charge.  It 
often  will  simply  split  the  stump  in  two  instead  of  breaking  it  up 
into  several  pieces  and  blowing  it  out.    After  you  spring  a  hole 
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with  the  small  charge,  slit  each  stick  lengthwise  in  three  or  four 
places,  and  when  you  press  it  home  with  your  tamper,  it  will 
swell  out.  In  this  way  a  charge  of  three  or  four  sticks  will  make  a 
round  bulk  just  at  the  right  place.  Such  a  charge  radiates  its 
energy  much  better  for  the  purpose  than  the  long  charge. 

The  quantity  of  Powder  recjuired  for  different  sizes  and  kinds 
of  stumps  varies  with  the  time  smce  the  stumps  were  cut  and  with 
the  kind  of  soil.  The  harder  and  heavier  the  soil  is,  the  less  powder 
is  required,  and  the  looser  and  lighter  it  is,  the  more  is  recjuired. 
When  the  ground  is  frozen  in  the  winter  is  a  very  good  time  to 
blast  stumps  out.  The  minimum  of  Powder  will  do  the  work 
then.  For  this  purpose  Atlas  Farm  Powder  is  exceptionally 
valuable  because  it  does  not  freeze  at  any  ordinary  temperature. 

The  following  results  of  stump  blasting  done  by  the  Ken- 
tucky Experiment  Station  and  by  one  of  our  own  men  will  show 
you  what  charges  were  required: 

Stump  Kind  of  Stump  Diameter  Sticks 

No.  Inches  Used 


1  Dead  Oak  12  2 

2  "  16  ij^ 

3  "    .  IS  i>^ 

4  Dead  Pine  i6  i}^ 

8  Dead  Oak  8  i}4 

II                        ;;  30  4^ 

13  18  3 


€i 

«« 


14                                                                      12  iK 

15  "                               20  3^ 

16  "    .                            34  4^ 

18  Dead  Pine                         14  2 

19  Green  Oak                        16  3 
23                  Dead  Oak                         24  3 

^s             ;;                 38  sH 

32                                                             27  4>^ 

39                                         30  6 

41                  Dead  Snag                        20  4>^ 

45                  Dead  Oak                          27  5 

56                 Green  Black  Gum            16  53^ 

61                  Dead  Gum                        24  4 

71                  Green  Sugar  Maple          16  5^ 

76                 Dead  Oak                         26  2 

96                 Green  Gum                       15  3^ 

To  these  figures  we  can  add  experience  of  our  own  as  follows: 

Kind  of  Stump  Inch^es^^         Sticks  Used 

Dead  Walnut                 '  10  i 

Dead  Hemlock                  15  2 

Dead  Pine                        40  7 

H  S 

20  4 

60  12 

Some  authorities  say  that  you  should  use  about  one  pound 

of  explosive  for  each  foot  of  diameter  of  the  stump.    This  is  all 
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right  for  stumps  up  to  thirty  or  forty  inches  in  diameter.  Larger 
stumps  require  i>^  to  2  pounds  for  each  foot  of  diameter.  A  rule 
for  the  enormous  stumps  of  the  Pacific  Coast  is  to  square  the 
diameter  of  the  stump  m  feet  and  use  this  figure  for  the  number 
of  pounds  of  explosive. 

After  you  nave  blasted  a  few  stumps  vou  will  be  able  to 
judge  almost  exactly  the  number  of  sticks  of  Powder  required  to 
move  any  stump.  Use  enough  to  produce  a  dead,  mu£9ed  report 
and  to  lift  the  stump  out  of  its  seat.  Extremely  loud  reports 
and  the  throwing  of  much  dirt,  etc.,  into  the  air  show  a  waste 
of  energy — ^too  much  explosive.  It  is  a  good  plan  to  carry  a  note 
book  and  a  yard  stick  with  you  and  keep  records  of  the  kind  and 
sizes  of  stumps  blown  out  by  the  different  quantities  of  Powder. 

Very  large  green  stumps  sometimes  are  best  blasted  by 
splitting  them  first  with  a  small  charge  placed  fairly  shallow,  and 
tnen  blasting  each  root  again  as  if  it  were  a  separate  stump. 
Large  willow  and  cypress  stumps  can  be  moved  best  by  boring 
three  to  six  holes  in  tne  ground  around  them  about  18  inches  from 
the  stump,  and  pointing  the  holes  steeply  toward  the  centre  under- 
neath the  stump.  Put  one  stick  of  explosive  in  each  of  these 
holes.  If  the  ground  is  wet  and  heavy,  you  need  to  prime  only  one 
charge;  the  rest  will  be  exploded  by  transmitted  shock  as  in  ditching. 
If  the  ground  is  dry,  you  must  prime  each  separate  charge  and 
explode  them  all  at  once  with  an  electric  blasting  machine. 

When  blasting  hollow  stumps,  it  is  well  to  fill  them  with 
dirt,  packing  it  in  tightly. 

Stump  charges  can  be  fired  with  ordinary  fuse  and  caps, 
but  the  safest  way  and  the  best  way  is  to  use  an  electric  blastmg 
machine.  Where  the  stumps  are  less  than  fifty  feet  apart  connect 
several  of  them  and  blow  them  all  out  at  once.  If  two  or  more 
stumps  are  close  together,  exploding  the  charges  under  them  simul- 
taneously will  be  more  effective  than  blasting  each  one  separately. 
A  blastinp;  machine  also  is  safer  for  stump  work  because  there  is  less 
risk  of  misfires,  no  risk  of  hang  fires,  ana  no  danger,  unless  a  damp 
fuze  has  ignited  it  in  going  back  immediately  to  a  chaige  that  has 
failed  to  explode. 

The  proper  explosive  to  use  in  blowing  stumps  is  Atlas  Farm 
Powder.  This  explosive  has  a  more  liftmg  and  heaving  effect 
than  many  dynamites  used  for  the  purpose.  Such  explosives 
tend  to  shatter  the  stumps  without  loosening  or  throwing  out  the 
roots.  The  only  exception  to  the  use  of  Atlas  Farm  Powder  is  in 
very  light  sandy  soil  where  long  rooted  stumps  are  to  be  blasted. 
Here  it  sometimes  is  of  advantage  to  use  Atlas  Powder  40  per  cent, 
or  60  per  cent.,  owing  to  the  fact  that  the  soil  is  tooli^htto  hold 
the  force  of  the  explosion  long  enough  for  the  roots  to  give  way. 

''The  advantage  of  using  explosives  in  clearing  new  land  is 
that  a  big  investment  is  not  necessary  as  in  case  of  stump  machin- 
ery,'* says  the  Wisconsin  Agricultural  Experiment  Station.  "Ex- 
plosives can  be  used  in  some  way  by  almost  eveiy  settler.  The 
stumps  and  boulders  are  left  in  such  form  as  to  be  handled  and 
disposed  of  easily.  The  roots  are  freed  from  soil  and  the  large 
parts  broken  up  so  they  can  be  used  for  fuel,  as  is  the  practice 
m  many  sections  at  present." 


Typical  stump  land  that  can  be   cleaned   up  effectually   with   Atlat   Farm 


These  may  be  removed  wiih  Atlas  Farm  Powder. 


o  drill  a  hole  in  a  larg 
te  undet  tight  Stones 
i  to  be  blocked  up 
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Where  stumps  from  twelve  to  thirty  inches  across  have  been 
cut  for  some  time,  and  the  soil  is  not  very  sandy  or  loose,  the 
use  of  dynamite  alone  has  been  found,  in  practice,  to  be  the  most 
satisfactoiy  method,"  says  the  Minnesota  Agricultural  Experiment 
Station.  'The  advantage  of  dynamite  is  that  it  will  not  only 
blow  stumps  entirely  out  of  the  ground,  but  it  will  remove  the 
dirt  from  the  roots  at  the  same  time,  and  break  up  the  stumps  so 
that  they  can  be  easily  handled  and  burned/' 

''One  point  seems  clear,  and  that  is,  that  when  stumps  are 
to  be  removed,  the  cheapest  method  is  by  the  use  of  dynamite,'' 
says  the  Kentucky  Agricultural  Experiment  Station. 

The  United  S^tates  Department  of  Agriculture,  in  Farmers* 
Bulletin  i^o,  says: 

"In  the  removal  of  large  stumps  dynamite  is  serviceable  and 
economical." 

Commenting  upon  the  use  of  machinery  to  clear  land,  the 
same  bulletin  says: 

"There  are  many  different  makes  of  stump-pulling  machin* 
ery  upon  the  market.  The  promoters  of  these  various  grubbing 
devices  claim  great  merit  for  their  respective  machines,  but  cata- 
logue claims  should  be  accepted  with  great  caution. 

"In  the  neighborhood  of  the  writer,  and  doubtless  in  many 
other  neighborhoods,  can  be  found  such  machinery  in  idleness 
because  it  was  tested  and  found  wanting.  The  difficulty  with  most 
stump-pulling  machines  is  that  if  they  are  strong  enough  for  the 
work  desired  of  them  they  are  too  expensive,  cumbersome  and 
unwieldy. 

"When  these  machines  are  once  properly  adjusted,  their 
work,  provided  nothing  breaks,  will  be  satisfactory.  But  the 
labor  of  moving  and  the  care  of  adjusting,  together  with  the  lia- 
bility to  breakage,  more  than  outweighs  the  virtues  of  any  stump- 
pulling  machine  known  to  the  writer." 


EVTOENCE 

"  I  cleared  off  o  acres  of  stump  land.  Average  size  of  stumps  $}^  feet  in  diam- 
eter, chestnut  and  oak.  They  all  were  blown  with  battery  and  Atlas  Powder 
40%.    The  cost  per  stump  averaged  only  6c  cents/' 

CHARLES  V.  WEAVER,  Easton,  Pa. 

"  I  have  done  a  good  deal  of  blasting  work  with  lots  of  good  results.  My  pecan 
trees  show  a  great  difference  in  size  between  the  trees  that  were  planted  in  dyna- 
mited boles  and  those  that  were  planted  in  spade-dug  holes." 

F.  W.  McMURRIAN,  Columbus,  Ga. 

"I  often  have  found  myself  standing  thoughtlessly  within  two  feet  of  a  hole 
when  the  blast  went  off  (preparing  ground  for  trees).  There  is  no  danger  or 
spectacular  show  unless  the  blast  is  in  rock  or  hardpan.  The  flying  of  rock  and 
dirt  only  demonstrates  the  inefficiency  of  the  man  domg  the  work.  Effective  work 
breaks,  cracks,  and  pulverizes  the  ground  in  all  directions  from^  the  bottom  of  the 
hole,  and  the  more  noiseless  and  si^^tless  it  is,  the  better  execution  is  done.  What 
the  shock  does  can  be  left  only  to  the  shovel  in  the  hands  of  the  operator.  The 
merits  of  the  work  should  be  judged  b^  the  effects  produced  in  the  growth  of 
trees.  Every  step  taken  from  the  blastmg  of  the  hole  to  the  superior  growth  of 
the  trees  is  so  reasonable,  so  certain  and  feasible  that  there  is  no  chance  left  for 
doubt." 

J.  A.  TEAGARDEN,  Auburn,  Cal. 
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METHODS  OF  BREAKING  BOULDERS 
WITH  ATLAS  POWDER 

All  big  stones  that  stick  above  the  surface  of  farm  land  are 
tool  breakers  and  time  wasters.     Ledges  of  rock  within  reach  of 

flows  are  almost  as  bad.  They  should  be  broken  up  with  Atlas 
^owder. 

Three  methods  are  used  for  breaking  stones.  The  first  is 
the  "mudcap"  process.  This  is  the  quickest  way.  You  can 
gather  up  your  explosive  and  have  your  mudcap  in  place  on  the 
stone  witnin  five  mmutes.  It  takes  more  of  the  explosive  to  accom- 
plish the  desired  work  than  if  the  stone  were  drilled. 

If  you  can  find  a  crack  or  hole  in  the  stone,  remove  the 
Powder  from  the  paper  and  pile  it  in  a  low  cone  at  this  place. 
Then  cover  it  with  six  inches  of  damp  clay  or  sand,  first  inserting 
your  cap  with  fuse  attached,  in  the  center  of  the  pile.  If  you 
can't  find  a  depression,  pile  the  Powder  on  any  flat  surface. 

No  matter  how  big  the  stone,  look  at  it  as  you  would  if  you 
intended  to  break  it  in  two  with  a  sledge,  and  put  the  explosive 
right  at  the  place  where  you  would  hit  it.  Don't  spread  the 
Powder  out  over  any  more  surface  than  you  can  help.  If  the 
stone  is  buried  in  the  ground,  dig  a  ditch  around  it  almost  as 
deep  as  the  stone  to  give  it  a  chance  to  fly  apart. 

Atlas  Farm  Powder  will  break  stones  well  by  the  mudcap 
method.  Use  it  if  you  have  a  few  of  them  to  break.  If  you  have 
many,  particularly  if  the  stones  are  very  large  and  very  hard, 
it  will  pay  you  to  use  Atlas  Powder  40  per  cent,  or  60  per  cent., 
which  has  a  more  shatterinc;  efiect  than  tne  regular  Farm  Powder. 
The  following  table  shows  the  quantities  of  Atlas  Powder  required 
to  shatter  stones  of  various  sizes  by  the  mudcapping  method. 

Diameter  of  Stone  Sticks  of  Powder  Required 

18  inches  2 

2  feet  3 
^y2  feet  4 

3  feet  5 

4  feet  7 

5  feet  ^  10 

The  second  method  of  getting  rid  of  the  stones  is  to  put 
Farm  Powder  directly  underneath  them.  If  they  have  a  flat 
side  next  the  ground  you  can  break  them  up  in  this  way  almost  as 
much  as  with  a  proper  mudcap.  If  they  are  round  on  the  under- 
side, the  best  way  is  to  put  a  light  charge  underneath  them  and 
throw  them  out,  then  break  them  with  a  mudcap. 

Drill  or  punch  a  hole  underneath  the  stone  with  an  auger 
or  crowbar.  Be  sure  that  the  charge  is  directly  under  the  centre 
of  the  weight  of  the  stone.  Tamp  it  very  firmly.  Inspect  the 
ground  carefully  all  around  the  stone  to  see  that  there  are  no  open- 
ings where  the  explosive  can  blow  out.  The  idea  is  to  confine 
the  explosion  entirely  under  the  stone. 

A  very  light  charge  will  throw  stones  out.  One-fourth  to 
one-half  ot  the  quantity  given  in  the  table  for  mudcapping  is  the 
right  amount  to  use.  If  the  stone  is  to  be  only  thrown  out,  no 
explosive  is  so  good  as  Atlas  Farm  Powder.     If  it  is  to  be  shat- 
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tered  as  well  as  thrown  out,  then  Atlas  Powder  40  per  cent,  or  60 
per  cent,  has  slight  superiority^  but  not  enough  to  justif3r  you  in 
purchasing  Atlas  Powoer  40  per  cent,  or  60  per  cent,  especially  for 
the  purpose  unless  you  have  a  large  number  of  boulders  to  break. 

The  third  metnod  of  breaking  up  stones  is  to  drill  them  and 
put  the  charge  somewhere  in  toward  the  centre  of  the  stone.  A 
nole  an  inch  in  diameter  or  less  is  big  enough.  Comparatively 
small  charges  of  Powder  are  required.  In  a  boulder  nve  or  six 
feet  in  diameter  drill  a  hole  thirty  inches  deep,  and  put  in  two  or 
three  sticks  of  Atlas  Farm  Powder,  or  one  and  one-half  to  two 
sticks  of  Atlas  Powder  40  per  cent,  or  60  per  cent.  Be  sure  that 
the  charge  is  tamped  solidly.  Empty  the  rowder  out  of  its  paper 
shell  and  pack  it  directly  into  the  hole.  A  stone  two  feet  in 
diameter  may  be  broken  nicely  with  about  one-half  to  two-thirds 
of  a  stick  of  Atlas  Farm  Powder  in  a  hole  eight  inches  deep. 
Smaller  stones  may  be  broken  with  shallower  holes. 

Ledges  of  rock  which  outcrop  or  which  come  within  reach  of 
a  plow,  or  even  within  reach  of  roots,  are  detrimental  to  many 
fields.  To  break  up  these  rocks,  we  recommend  Atlas  Farm 
Powder,  unless  the  cnarge  is  used  in  mudcapping  on  top  of  solid 
rock,  when  40  per  cent,  or  60  per  cent,  is  better. 

Outcropping  rocks  such  as  these  nearly  always  lie  in  veins 
or  shingles.  If  you  can  get  the  explosive  located  well  down 
underneath  a  shingle  ridge,  the  obstruction  will  be  shattered  to 
quite  a  depth.  Use  a  rock  drill  and  put  the  holes  down  as  far  as 
you  want  the  rock  cleared  away.  In  slate  every  8  or  10  feet  is 
close  enough  for  the  blast.  In  granite  or  limestone  they  will  have 
to  be  nearer. 

Charges  of  one  or  two  sticks  are  heavy  enough,  the  former 
when  the  charges  are  to  be  within  eighteen  inches  of  the  surface, 
and  the  latter  when  they  are  two  or  three  feet  deep.  A  ledge 
often  can  be  removed  at  an  expense  of  $6  or  $8,  when  the  loss 
it  causes  almost  equals  that  amount  every  year. 

In  all  kinds  01  stone  blasting,  you  must  be  certain  that  your 
fuse  is  long  enough  to  let  you  get  away  100  to  150  yards,  or  even 
further,  before  the  explosion  takes  place.  Stone  blasting  is  dan- 
gerous work.  Heavy  blasts  will  throw  rather  large  pieces  of  stone 
to  considerable  distances.  The  best  way  of  firing  the  charges  in 
blasting  stone  is  to  use  an  electric  blasting  machine,  located  150 
yards  away.  Then  you  have  to  be  150  yards  away  to  fire  your 
charge.    Ordinary  fuse  and  caps  can  be  used. 

QUARRYING  WITH  ATLAS  POWDER 

It  is  better  to  expose  the  rock  you  want  by  stripping  the  dirt 
off  it.     You  can  blast  this  off  cheaply  with  explosives. 

After  the  rock  is  exposed,  it  may  be  broken  up  with  Atlas 
Powder  in  a  mudcap  charge,  as  described  in  boulder  blasting, 
provided  there  is  a  projecting  ledge.  A  better  way  is  to  drill  a 
nole  into  the  rock.  Deep  holes  and  heavy  charges  will  bring 
down  more  rock  in  proportion  than  shallow  holes  and  light  charges. 

If  you  are  buying  explosives  especially  for  quarrying,  get  Atlas 
Powder  jo  per  cent,  or  40  per  cent.  Regular  Atlas  Farm  Powder 
will  do  tne  work  very  well  if  you  have  it  on  hand. 
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THE  WAY  TO  DIG  POST  HOLES  EASILY 
WITH  ATLAS  FARM  POWDER 

Unless  the  eround  is  very  loose,  post  holes  can  be  dug  much 
faster  and  much  cheaper  with  the  help  of  a  little  Atlas  Farm 
Powder  than  with  bar  and  shovel  or  a  post  hole  digger. 

Put  down  lyi  inch  holes  with  a  bar  or  dirt  auger  about  the 
depth  you  want  the  hole  to  be.  Then  explode  no  more  than  a 
half-stick  of  Atlas  Farm  Powder  at  the  bottom  of  this  hole.  Use 
no  tamping  whatever. 

The  Powder  will  blow  out  the  hole  to  a  certain  extent,  and  the 
action  will  be  to  loosen  the  ground  for  only  six  inches  or  so  around 
the  hole.  After  this  charge  is  fired,  the  ground,  slate,  etc.,  may 
be  shoveled  out  easily. 

Explode  the  charge  either  with  a  blasting  machine  or  with 
ordinary  caps  and  fuse.  Try  a  few  holes  to  learn  the  best  depth 
and  charge. 

EXCAVATING  FOR  FOUNDATIONS 

In  excavating,  proper  blasting  with  Atlas  Farm  Powder  or 
Atlas  Powder  will  save  much  work.  You  can  take  out  a  layer  of 
dirt  four  feet  deep  with  Atlas  Powder  40  per  cent,  by  putting 
charges  of  two  sticks  about  three  and  one-half  feet  deep  ana  about 
every  five  feet  over  the  cellar  area. 

Keep  the  charges  two  or  three  feet  from  the  sides.  If  the 
excavation  is  to  be  made  deeper  than  four  feet,  go  over  the  same 

f ground  with  a  second  series  of  blasts  put  down  three  or  four 
eet  or  less  from  the  new  bottom. 

If  nearby  buildings  prevent  you  from  using  heavy  charges, 
use  light  charges  to  loosen  the  ground.  If  you  find  rocks  near  the 
edges,  blast  the  center  of  the  cellar  out  first.  Then  drill  holes 
where  you  want  the  edges  of  the  excavation  to  be,  and  these 
blasts  will  throw  the  dirt  and  stones  to  the  center  while  keeping 
the  side  walls  straight. 

ROAD  MAKING  WITH  EXPLOSIVES 

Where  dirt  has  to  be  moved,  rocks  broken  up,  or  cuts  made 
in  road  building,  explosives  will  hasten  the  work  very  much.  If 
stones  are  to  be  blasted,  proceed  just  as  you  would  for  quarrying 
or  for  breaking  up  boulders. 

If  you  want  only  dirt  or  slate  loosened,  use  chaiges  of  one- 
half  to  one  stick  of  Atlas  Farm  Powder  placed  three  feet  apart. 
Where  cuts  have  to  be  made,  use  charges  heavv  enough  to  throw 
the  dirt  entirely  out  of  the  road.  Place  them  down  almost  to  the 
erade  of  the  road.  In  this  way  you  will  have  little  material  to 
handle  with  shovels  or  scrapers. 

EVIDENCE 

"We  have  used  dynamite  for  various  purposes,  including  blasting  stumps, 
ditches,  tree  planting,  etc.,  and  have  secured  very  satisfactory  results." 

STARK  BROS.  NURSERIES  &  ORCHARDS  CO.,  Louisiana,  Mo. 
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Stages  of  the  work  of  bias 
the  chars'  ^V  the  fuse. 


Tiall  stumps.     Bnrine  the  hnU  and  lowering 


This  blast  is  good  for  stump  blowing 
but  bad  for  subsoiling. 


the  blaitinK  machine. 
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BREAKING  UP  ICE  GORGES  WITH 
ATLAS  FARM  POWDER 

Some  of  the  most  fertile  farms  are  located  in  creek  bottoms 
where  ice  often  dams  back  the  water  so  that  it  covers  fields, 
destroys  fences,  and  often  floods  buildings.  A  few  pounds  of 
explosive  will  remove  any  ordinary  gorge  and  save  trouble  and 
loss. 

If  the  gorge  is  small,  only  one  blast  need  be  made.  If  the 
gorge  is  thirty  feet  wide  and  of  considerable  length,  more  than 
one  blast  will  be  needed.  Use  a  charge  of  from  three  to  six 
sticks  tied  together.^  This  charge  will  shatter  the  ice  for  about 
twenty  feet  around  it. 

Get  the  explosive  as  low  as  possible  between  the  cakes  of  ice 
without  putting  it  in  the  water.  If  the  gorge  is  narrow  and  short, 
the  charge  may  be  placed  near  the  center  and  toward  the  front  or 
down-stream  end.  If  the  gorge  is  larjge,  remember  that  some- 
where down  in  front  and  along  the  sides  are  certain  key-cakes 
which  lock  the  whole  jam.  When  these  cakes  of  ice  are  destroyed 
the  whole  gorge  will  move.  Place  the  Powder  so  that  these  cakes 
will  be  shattered,  then  the  main  gorge  will  break  up  and  float 
away.  An  electric  blasting  machine  is  the  best  means  of  firing 
the  charges,  but  the  firing  may  be  done  with  fuse  and  caps.  Have 
one  person  to  light  each  different  fuse  and  light  them  all  at  once 
at  a  signal. 

A  QUICK  WAY  TO  KILL  GROUNDHOGS 

Groundhogs  (called  woodchucks  in  certain  localities)  often 
cause  much  damage,  by  digging;  holes  into  which  horses  step  and 
by  eating  and  knocking  down  clover,  wheat  and  com.  They  may 
be  exterminated  or  driven  away  entirely  with  Atlas  Farm  Powder. 

When  the  groundhog  is  in  his  burrow,  explode  a  charge  of 
Powder  four  or  five  feet  back  from  the  entrance.  Prepare  the 
charge  in  the  usual  way,  using  one  stick  of  Farm  Powder,  with  a 
cap  and  fuse  cut  four  feet  long.  Put  this  charge  as  deep  as  the 
fuse  will  let  you,  and  cave  in  the  mouth  of  the  hole.  Tne  force 
and  fumes  of  the  explosion  will  kill  the  animal* 

LOOSENING  LOGS,  ETC,  WITH  EXPLOSIVES 

Log  piles,  post  piles,  wood  piles,  coal  and  other  material 
often  freeze  so  tight  that  they  can  not  be  loosened  with  hand 
spikes  or  without  excessive  labor.  Atlas  Farm  Powder  will  shake 
ttiem  loose  without  damaging  the  material. 

Put  a  light  charge  somewhere  down  near  the  bottom  of  the 
pile.  Get  it  alongside  or  underneath  the  "key** — ^that  is,  the  log 
or  post  or  place  under  the  pile  which  would  pull  out  to  bring 
the  whole  thing  down.    Fire  with  fuse  and  cap  or  blasting  machine. 

EVIDENCE 

^The  cost  in  digging  ordinary  ditches  with  dynamite  is  less  than  half  the 
cost  of  hand  digging." 

MICHIGAN  EXPERIMENT  STATION. 
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WHAT  ATLAS  FARM  POWDER  IS 
AND  WHY  rr  IS  SUPERIOR 

Atlas  Farm  Powder  and  Atlas  Powder  40  per  cent,  and  60 
per  cent,  are  improved  forms  of  d3mamite.  They  are  made  es- 
pecially for  farm  purposes.  They  are  high  explosives.  The  diflFer- 
ence  between  high  explosives  and  other  explosives  lies  in  the  rate 
at  which  the  gases  expand  when  the  charges  are  fired. 

Common  black  powder  is  a  low  explosive,  and  its  gases  expand 
comparatively  slowly.  If  it  is  put  off  on  a  stone  it  will  not  crack 
the  stone  because  the  air  yields  quickly  enough  to  accommodate  the 
expanding  gases.  With  high  explosives  put  off  in  the  same  way 
(as  in  mud  capping  boulders),  the  eases  expand  so  fast  that  the  air 
cannot  get  out  of  the  way,  and  the  force  is  exerted  against  the 
material  on  which  the  explosive  rests. 

High  explosives  are  fired  by  a  shock  of  greater  or  less  sever- 
ity. Tnere  are  many  kinds  of  high  explosives.  They  differ  in  the 
work  they  will  do  and  in  the  strength  of  the  shock  required  to  fire 
them.  Atlas  Powder  requires  a  severe  shock  to  explode  it,  and 
Atlas  Farm  Powder  requires  an  even  greater  shock.  They  are 
made  this  way  so  they  will  be  safer. 

Atlas  Farm  Powder  and  Atlas  Powder  40  per  cent,  and  60  per 
cent,  can  be  exploded  only  by  a  heavy  shock.  They  never  will  go 
ofFof  their  own  accord,  and  they  stand  considerable  rough  handling. 
To  fire  them  properly  requires  a  strong  cap  or  electric  fuze  that  gives 
both  a  heavy  blow  and  intense  heat. 

Because  of  extra  care  in  manufacture,  Atlas  Powders  are 
always  uniform  in  quality.  They  will  keep  perfectly  for  years. 
They  never  vary  a  pound  in  strength. 

Most  dynamites  freeze  at  40  to  50  degrees.  In  this  condition 
they  either  will  not  explode  at  all,  or  will  half  bum  and  half  ex- 
plode, giving  little  force  and  creating  poisonous  gases  entirely 
different  from  the  gases  of  normal,  proper  explosions.  Atlas  Farm 
Powder  will  not  freeze  at  temperatures  several  degrees  lower  than 
32  degrees,  and  in  practice  it  may  be  used  right  out  in  the  field 
when  the  temperature  is  down  to  zero,  without  thawing.  This 
saves  a  lot  of^  trouble  and  prevents  the  waste  of  explosive  by 
attempting  to  fire  chilled  dynamite. 

There  are  low-freezing  dynamites  on  the  market  but  most  of 
these  give  off  noxious  gases.  Atlas  Farm  Powder  does  not  give  off 
such  gas  when  exploded  properly,  because  of  its  superior  combi- 
nation of  chemicals. 

Some  kinds  and  grades  of  high  explosives  exert  a  shattering 
or  pulverizing  eflFect  on  anything  which  the  expanding  gases  come 
in  contact  with.  The  dynamites  that  shatter,  waste  much  of  their 
energy,  do  not  do  the  work  well  and  cost  more.  Other  kinds  or 
grades  heave  and  lift  or  split  more  than  they  shatter  because 
their  gases  expand  slower.  The  heaving  or  slow  kinds  are  the 
ones  best  adapted  to  agricultural  work.  They  loosen  and  pow- 
der the  soil  instead  of  caking  and  packing  it  or  throwing  it  high 
in  the  air.  Atlas  Farm  Powder  has  a  heaving  and  cracking 
effect,  with  sufficient  pulverizing  action.  It  is  the  ideal  farm 
explosive — made  especially  to  meet  the  agricultural  requirements. 
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HANDUNG  ATLAS  FARM  POWDER 
AND  ATLAS  POWDER 

Atlas  Farm  Powder  and  Atlas  Powder  iio  per  cent,  and  60 
per  cent,  were  made  especially  so  they  woula  be  safe  to  handle, 
and  they  are.  As  long  as  you  exercise  ordinary  commonsense 
there  is  absolutely  no  danger  of  premature  explosions. 

Keep  caps  and  electnc  fuzes  away  from  the  Powder;  don't 
attempt  to  smoke  when  you  are  handling  it;  and  keep  it  away 
from  tire.  Remember  that  it  is  an  explosive  and  do  not  throw 
it  about  or  handle  it  carelessly.  Don't  let  the  hot  sun  strike  the 
sticks  of  Powder.     It  is  much  more  easily  exploded  when  warm. 

All  Atlas  Powder  should  be  stored  in  a  dry  place  where  the 
temperature  does  not  get  much  higher  than  80  degrees.  Be  careful 
that  the  fus^  is  kept  cool  and  dry. 

Blasting  caps  are  much  more  sensitive  to  shock  than  Atlas 
Powder.  Do  not  store  them  with  the  explosive  if  you  can  possibly 
avoid  it.  Don't  let  them  fall,  don't  carry  them  around  loose  in 
your  pocket,  and  don't  set  them  where  there  is  any  chance  of 
setting  a  shock.  Dampness  weakens  them*  A  very  little  bit  of 
neat  from  a  fire  will  set  them  off.  Electric  fuzes  must  be  handled 
the  same  as  blasting  caps. 

TREATMENT  FOR  FREEZING  AND  CHILUNG 

Most  high  explosives  lose  their  sensitiveness  and  do  not 
properly  explode  when  they  are  cold.  They  also  give  off  poisonous 
gases.  This  condition  is  reached  with  all  ordinary  dynamites  at 
a  temperature  of  4c  or  50  degrees. 

All  grades  of  Atlas  Powder  contain  an  explosive  that  is  hard 
to  freeze.  They  do  not  lose  sensitiveness  even  at  the  freezing  point 
of  water  and  they  are  often  used  at  zero  without  thawing.  When  the 
temperature  is  pelow  30,  however,  it  is  best  to  keep  the  sticks 
under  cover,  or  in  a  building  where  there  is  a  slightly  higher  tem- 
perature. These  Powders  then  may  be  loaded  and  exploded  with- 
out warming,  and  the  full  strength  of  the  explosive  will  be  devel- 
oped. You  can  tell  whether  a  high  explosive  is  chilled  or  not  by 
its  condition.  If  chilled  it  will  be  hard  or  have  hard  spots.  If 
not  chilled  it  will  give  when  pressed. 

Thawing  is  a  very  simple  matter.  Don't  hold  the  sticks  near 
a  fire  or  stove,  or  immerse  them  in  hot  water,  or  blow  live  steam 
on  them.  When  you  do  things  like  that  with  any  explosive,  you 
are  taking  chances. 

There  is  just  one  way  to  thaw  high  explosives  safely  in  a 
short  time.  It  is  easy,  and  there  is  never  any  need  for  attempting 
to  do  the  work  in  any  other  way.  Get  two  buckets,  one  larger 
than  the  other.  Pour  the  big  one  half  full  of  warm  water.  Have 
the  other  bucket  dry,  put  the  Powder  in  it,  and  set  it  inside  the 
bucket  where  the  water  is.  Then  throw  an  old  coat  or  horse 
blanket  over  them.  The  water  should  be  no  hotter  than  you  can 
bear  your  hand  in.  In  fifteen  or  twenty  minutes  the  temperature 
of  the  Powder  will  be  raised  sufficiently  to  restore  its  full  power. 
Do  not  have  the  buckets  on  a  stove  when  you  are  thawing  the 
Powder. 


Detter  rarmind  with  Atlas  rarm  rowderr 


liiiiiiiiiiiuiniiiiiiiiiiiiiinuiiuiiiiiHiiiiiiiiiiiiiiii>r.iiiiiiiiiiiiii;MiiiniiiiiMiMiiiiiiiiitiiiiiiiitiiMiiiiiiiiiiiiiiiiiiiiiiniiHt..i... ...... ..Jill! 


TOOLS  USEFUL  IN  FARM  BLASTING 

The  tools  shown  on  the  next  page  will  save  your  time  and 
make  the  use  of  explosives  more  effective  by  making  it  easy  to 
put  charges  in  the  proper  positions  for  best  work. 

The  ordinary  subsoil  bar  shown  at  "D"  can  be  driven  down 
two  or  three  feet  very  quickly  with  a  common  sledge.  If  you  have 
onlv  a  little  blasting  to  do,  an  old  crow-bar  with  one  end  sharp 
and  the  other  end  square  would  do. 

A  testing  rody  which  is  nothing  but  a  quarter-inch  or  three- 
eighths  inch  steel  rod  with  a  sharp  point,  is  useful  in  locating  roots 
and  finding  openings  where  the  hole  can  go  under  stumps,stones,etc. 

The  most  useful  tool  of  all  is  the  dirt  auger.  It  is  a  special 
twist  auger  with  a  long  leading  point  and  with  provision  made 
for  extension  of  the  shaft.  See  "J"  and  " I'*  illustrated.  The 
holes  for  all  subsoiling  work,  ditchmg  work,  and  most  stumping 
work  where  the  bar  mentioned  above  is  not  used  can  be  made  to 
excellent  advantage  with  this  auger. 

Where  you  want  to  bore  into  stumps  the  wood  augers  **G'' 
and  "H"  are  useful. 

When  very  large  Jobs  of  blasting  are  to  be  done>  it  will  pay 
to  get  a  compressed  air  drilling  machine.  This  is  equipped  with 
a  small  engine  and  air  pump  and  the  necessary  drilling  appa- 
ratus. With  it  you  can  put  holes  into  the  ground  or  down  through 
roots,  etc.,  at  a  speed  of  about  six  feet  to  uie  minute. 

Tool  "L,"  page  6i,  is  the  new  Pugh  machine  wood-drilling 
auger. 

Don't  use  an  iron  rod  for  tamping.  A  broom  stick,  or  any 
stick  about  three-quarters  of  an  incn  in  diameter,  is  superior  and 
not  dangerous. 

The  Powder  may  be  carried  in  a  basket,  or  an  even  better 
way  is  to  nail  a  basket  handle  on  one  of  the  25-pound  boxes  in  which 
the  Powder  comes,  first  emptying^  the  box.  In  cold  weather  the 
Powder  can  be  nested  in  this  box  in  blankets  or  old  doth*  Don't 
let  it  get  wet,  and  don't  let  it  lay  in  the  hot  sun. 

The  Atlas  Electric  Blasting  Machine,  one  of  which  is  shown 
on  the  following  page,  is  extremely  useful.  These  machines  are 
made  in  various  sizes.  The  No.  i  machine  fires  five  charges  at  once. 
It  is  4x5^^x7^  inches  and  weighs  six  pounds.  The  No.  2  machine 
will  fire  ten  charges  at  once.  It  measures  7x8x14  inches  and  weighs 
20  pounds.  The  No.  ^  machine  will  fire  thirty  charges  at 
once.  It  is  7x10x18  inches  and  weighs  25  pounds.  Directions 
for  operating  the  blasting  machine  come  with  it.  The  blasting 
machme  is  the  only  means  by  which  you  can  explode  several 
charges  simultaneously,  (except  by  transmitted  shock  in  ditch- 
ing). It  is  the  only  reliable  method  of  exploding  charges  under 
water. 

EVIDENCE 

I 

**  We  have  used  explosives  considerably  in  digging  tree  holes  and  in  the  heavier  1 

clay  subsoils  always  have  found  the  results  highly  useful  in  underdraining  and  in 
holding  moisture." 

T.  J.  W.  TETIRICK,  The  C.  V.  Nurseries,  Blackwell.  Okla. 

^  .. 


|4446^tf^^a^aoq<^-— 


■  T  pipi 
and  "1" 


handle  for  augers   "J". 


B— New  model  bar  for 

subsoiling,  etc. 
C— Extension  shaft  for  "B". 
D— Old  model  of  subsoil  bar. 
E— Solid  shaft  extension  for  augers  "  H 
F— Pipe  extension  for  shafts  of  "G"and  ' 
G— Pipe  shaft  wood  auger. 
H — Solid  shaft  wood  auger. 
I  —  Solid  shaft  dirt  auger. 
J — ■  Pipe  shaft  din  auger. 
K— Old  model  shaft 
L — New  machine  drill  wood  auger. 
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jo-pound  box  of  Atlas  Farm  Ponilet. 
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ATLAS  BLASTING  MATERIALS— MADE 
ESPECIALLY  FOR  FARM  USE 

You  need  some  or  all  of  the  following  Atlas  goods  for  subsoil- 
ing,  orchard  blasting,  ditching  and  other  farm  blasting. 

ATLAS  FARM  POWDER— This  is  put  up  in  sticks  iX 
inches  in  diameter  by  eight  inches  lon^.  Each  stick  weighs  about 
half  a  pound.  A  j^o-pound  box  contams  98  to  100  sticks.  These 
sticks  are  packed  m  25-  and  50-pound  wooden  boxes.  This  is  the 
best  explosive  for  all  ordinary  farm  blasting. 

ATLAS  POWDER^  40  per  cent,  and  60  per  cent. — This  is  put 
up  in  sticks  the  same  size  and  almost  the  same  weight  as  Atlas 
Farm  Powder.  A  so-pound  box  will  contain  from  95  to  100  sticks. 
This  explosive  is  made  for  blasting  hard  rock,  blowmg  big  stumps 
in  light  sandy  soil,  and  blasting  big  ditches  in  water-soaked  ground. 
"While  It  works  a  little  better  than  Atlas  Farm  Powder  for  these 
purposes,  yet  the  Farm  Powder  will  do  the  same  work,  and  the  40 

Eer  cent,  or  60  per  cent.  Powder  need  not  be  bought  unless  you 
ave  much  ditch  or  rock  to  blast. 

ATLAS  BLASTING  CAPS— These  are  made  in  three  differ- 
ent sizes  for  farm  work— No.  6,  No.  7,  and  No.  8.  The  No.  6 
size  is  most  popular  and  is  made  strong  enough  to  explode  Atlas 
Farm  Powder  and  Atlas  Powder.  If  you  are  not  going  to  use  them 
for  some  time,  you  will  do  well  to  buy  the  stronger  caps.  All  caps 
are  copper  tubes,  one  to  two  inches  long,  open  at  one  end.  They 
contain  a  powerful  explosive,  sensitive  to  shock  and  heat  and  must 
be  handled  with  the  greatest  care. 

^  FUSE — ^This  is  put  up  in  100  ft.  rolls.  Beaver  Brand  is  right  for 
ordinary  dry  and  damp  work  on  farms,but  for  ditching,  etc.,  where 
considerable  water  is  encountered,  Clover  or  Crescent  Brand  should 
be  used.     Keep  in  a  dry,  cool  place  and  don't  unroll  when  cold. 

ELECTRIC  FUZE — ^An  electric  fuze  is  a  specially  prepared 
**cap"  into  which  is  fastened  wires  that  will  give  off  heat  when 
an  electric  current  from  a  blasting  machine  is  passed  through  them* 
Attached  to  the  "cap"  are  two  msulated  copper  wires,  from  four 
to  thirty  feet  long  as  ordered.  These  fuzes  must  be  used  instead 
of  blasting  cai)S  and  fuse  when  you  want  to  explode  the'charges 
with  an  electric  machine.  They  are  made  in  the  same  sizes  as 
blasting  caps  with  the  same  numbers.  If  your  charges  are  to  be 
entirely  under  water,  get  special  waterproof  electric  fuzes  that  are 
entirely  waterproof.     Electric  fuzes  are  packed  25  and  50  in  a  box. 

ATLAS  ELECTRIC  BLASTING  MACHINE— S^ee  de- 
scription  on  page  60  and  illustration  on  page  61. 

WIRE  NEEDED  FOR  ELECTRIC  BLASTING— You 
will  require  "Leading  Wire*'  to  connect  the  blasting  machines 
with  the  fuze  wires.  This  should  be  50  yards  long  for  subsoil 
blasting,  100  }rards  long  for  stump  blasting  and  150  yards  long 
for  stone  blasting.  With  the  Single  Leading  Wire  you  must  use 
two  wires  to  the  charges.  Duplex  Leadine  Wire  has  two  insulated 
wires  bound  together  within  another  insulating  coat,  and  is  easier 
to  handle.  "Connecting  Wire"  is  light  single  wire.  It  is  used  to 
connect  the  end  charges  with  the  Leading  Wire  and  to  connect  fuze 
wires  that  are  too  far  apart  to  reach  each  other. 
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HOW  TO  HAVE  BLASTING  DONE  IF  YOU 
DO  NOT  WANT  TO  DO  IT  YOURSELF 

If  you  do  not  want  to  conduct  your  own  blasting  operations, 
there  are  professional  blasters  who  will  do  your  work  cheaply  and 
efficiently.  If  your  operation  is  large,  it  will  pay  you  to  get  one 
of  these  men  to  superintend  your  work.  He  will  save  Powder  and 
have  the  work  done  more  quickly  than  an  inexperienced  man 
can  do  it.  Write  us  for  the  name  of  the  nearest  Atlas  blaster  if 
you  do  not  know  one. 


MEN  WANTED  TO  LEARN  BLASTING 

As  the  use  of  explosives  becomes  more  common  for  sub- 
soiling,  orchard  work,  and  ditching,  as  well  as  for  removing  stumps 
and  stones,  there  is  an  opportunity  for  hundreds  of  men  to  make 
money  by  becoming  expert  blasters. 

I\ot  every  farmer  knows  how  to  handle  explosives.  Some 
of  them  do  not  care  to  learn.  They  will  pay  good  wages  to  an  ex- 
perienced blaster,  either  by  the  day  or  on  contract.  If  you  are  inter- 
ested in  learning  agricultural  blasting,  we  will  be  glad  to  take  the 
matter  up  with  you  and  tell  you  how  you  can  get  the  training  and 
experience.  We  furnish  Atlas  Blasters  with  letterheads,  circu- 
lars, etc.,  and  put  them  in  touch  with  farmers  who  want  to  engage 
them. 


HOW  TO  GET  INFORMATION 

In  the  foregoing  pages  we  have  given  detailed  information 
on  the  action  of  explosives  in  all  farm  work,  and  we  have  tried  to 
tell  just  exactly  how  to  prepare  the  charges  and  place  and  fire 
them  to  get  the  maximum  efficiency. 

If  we  have  failed  to  make  clear  any  points  in  connection 
with  the  benefits  of  using  explosives  for  any  purpose,  or  if  we  have 
failed  to  make  clear  to  you  exactly  how  to  proceed  with  the  use 
of  Atlas  Farm  Powder,  we  shall  appreciate  it  if  you  will  write  us 
fully. 

If  you  have  stumps  or  stones  to  remove,  tell  us  how  many 
and  what  kind.  If  you  want  to  make  ditches,  give  us  an  idea 
about  how  large  and  how  long  they  must  be  and  describe  the  con- 
ditions as  well  as  you  can.  If  you  are  interested  in  subsoiling, 
or  in  blasting  for  orchard  work,  give  us  details  about  the  size  of 
your  orchard  or  field.  We  have  experts  in  our  office  who  will  be 
delighted  to  take  the  matter  up  with  you  to  any  extent  that  you 
wish. 
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LETTER  FOR  INFORMATION, 

USE  THIS  SHEET  TO  ASK  QUESTIONS. 


ATLAS  POWDER  COMPANY 

WILMINGTON,  DEL 

I  want  additional  information  on. 
TeU  me  the  following: 


.^m, -• 


^■■■■■■^ 


Name. 


Address 
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INTRODUCTORY 

TIE  history  of  explosives  dates  back  to  ancient  times. 
From  the  discovery  of  the  first  combustible  mixture 
in  the  sixth  century  to  the  time  of  the  invention  of 
gunpowder  in  the  fourteenth  century,  various  crude 
forms  of  explosives  were  used. 

It  was  not  until  the  nineteenth  century,  however,  that 
the  first  high  explosives  were  produced. 

In  the  remarkable  progress  made  in  the  development  and 
manufacture  of  explosives  and  in  their  application  \o  industry, 
the  Atlas  Powder  Company  has  played  an  important  part. 

With  the  knowledge  and  experience  of  several  genera- 
tions of  makers  of  explosives  to  draw  upon  and  after  years  of 
experimental  and  research  work,  this  company  has  developed 
explosives  of  the  highest  tj^ie — explosives  that  are  uniform 
and  dependable — "A  Proper  Explosive  for  Every  Blasting 
Requirement." 

The  Atlas  Powder  Company's  fields  of  endeavor  have 
multiplied.  New  products  have  been  developed  and  marketed. 
Mechanical  equipment  has  been  made  most  complete.  Offi- 
cials and  workers  have  worked  as  one  in  perfecting  a  smoothly 
running  organization  and  all  have  shared  in  the  Company's 
successes. 

The  following  pages  describe  Atlas  products,  enumerate 
their  multiple  uses  and  explain  accepted  methods  of  using 
them.  To  the  inexperienced  blaster  these  pages  will  prove  a 
source  of  valuable  information  and  to  those  skilled  in  the  use 
of  explosives,  this  book  should  serve  as  a  reliable  guide  and 
ready  reference  concerning  explosives  and  blasting  supplies 
for  every  blasting  requirement. 


TABLE  OF  CONTENTS 

PAa 

Introductory 

Chap.  I, — Explosives I 

Chap.  II.— What  Explosives  are  Used  For I 

Chap.  III. — How  to  Use  Explosives 3 

Chap.  IV. — Explosives  and  Blasting  Supplies 4 

Methods  of  Packing  High  Explosives S 

Comparative  Densities  of  Atlas  Explosives S 

Dynamite  Explosives 53-6 

Low  Powders 6 

Quarry  Powders  6 

Non-Freezing  Explosives 6 

Atlas  Farm  Powder 6 

Non-Freczing  Fann  Powder 6 

Stumping  Special  No.  2  L.  F 6 

g  Powders 68-7 

g  Supplies 71-9 

Fuse 71,7 

Blasting  Caps 7 

Electric  Blasting  Caps 74,  7 

Delay  Electric  Blasting  Caps 76,  7 

Squibs   78,  7 

Cordeau-Bickford 8 

Cap  Crimpers,  Leading  and  Connecting  Wire  ......    81,  8 

Blasting  Machines 82-8 

Sureshot  Shells,  Tamping  Bags,  Blasting  Paper 90-9 

Rheostat  and  Galvanometer 9 

Thawing  Kettles 9 

Storage  of  Explosives  and  Magazines 95, 9 

Chap,  v.— How  to  Use  Blasting  Supplies 97-10 

Chap.  VI.— Tests— Quality 10 

Chap.  VII.— Service 10 

Chap.  VIII.     Handling,  Storage,  etc 11 

"Dont's" 11 

Index  (General) 11 


CHAPTER  II 

W'b.iU  I'xpiosivos  are  Used  For 

VARIOUS  QUARRY  OPERATIONS 

LiMBSTONB,  CBlimNT  SOCK,  TRAP  SOCK,  ORANITB,  SLATE,  CLAY,  MARBLE, 
SANDSTOHB,    BTC. 

RAILROADS  -  ROADS  -  TUNNELS  -  SHAFTS  -  CANALS  -  DITCHES 
Various  kinds  of  contract  work. 

AGRICULTURAL  OPERATIONS 

LOOSBNINQ   THE  SUBSOIL,    FRBPAKINO   TREE   BEDS,    TAKING   OUT   STUUP5 
AND  BOULDERS,  PROVIDING  DRAINAOB,  DtTCHINO,  ETC. 

MINING 

Coal,   uetals,  salt, 
qypsum,  talc,  etc. 
SUBMARINE  WORK 

Removing  under- 
water LEDGES  OF  ROCK, 
DESTROYING  SUNKEN  VES- 
SELS, DEEPENING  AND  WID- 
ENING CHANNELS,  ETC. 

MISCELLANEOUS 
Blasting     ice    jams, 
breaking  log  jams,  break' 

INQ  "scrapped"  II 
LOOSENING  FROZEN  MATE- 
RIAL IN  RAILROAD  CARS, 
LOOSENING  FROZEN  ORE 
HEAPS,  EXCAVATING  FOR 
CELLARS  AND  FOUNDA- 
TIONS,   RAZING     BUILDINGS 

OR  WALLS  IN  THE  PATH  OF 

BIui  at  Vulcudte  Portland  CenMDt  Co..  Vulcanite,  N.  J. 
FIRES,  MAKING    HOLES    FOR 

POSTS    OR     POLES,     FOR     STRAIGHTENING     STREAMS,      EOUININC     LAKES     AND 

SWAMPS,    LAND    RECLAMATION,    EXTINGUISHING    OIL    AND    GAS  WELL     FIRES. 
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VARIOUS  QUARRYING  OPERATIONS 

FROM  the  standpoint  of  the  use  of  explosives  there  are  two  kinds 
of  quarries:  One,  where  the  material  is  taken  out  in  large  or 
definite  size,  such  as  dimension  stone  for  building  purposes;  and 
the  other,  where  the  material  must  be  well  broken  for  such  use  as  ballast, 
concrete,  or  cement. 

Dimension  Stone 

Both  "A"  and  "B"  Blasting  powders  are  used  extensively  in  this 
work.  Low  Freezing  Extra  Dynamite  15%  or  20%  also  is  employed  in 
operations  where  this  class  of  material  is  desired. 

Horizontal  or  Snake  Holes 

Where,  because  of  inconvenience  or  for  some  other  reason,  it  is  not 
desired  to  drill  perpendicular  holes,  ''snake  holing"  is  sometimes  em- 
ployed.  In  blasting  in  this  manner  the  action  of  the  powder  is  to  lift 
and  pull.  It  is  usually  customary  to  "spring"  or  "chamber"  horizontal 
holes  by  firing  a  small  charge  of  dynamite  in  the  back  of  the  holes 
which  forms  a  pocket  to  hold  the  main  charge.  This  operation  should 
be  repeated  several  times,  or  until  the  pocket  is  of  sufficient  size  to 
hold  the  charge  desired  for  the  main  blast. 

Atlas  Low  Freezing  Extra  and  Ammite  30%  to  50%  are  commonly 
used  for  this  class  of  work,  provided  the  work  is  not  too  wet.  Holes  of 
this  type  may  be  connected  and  fired  in  the  same  manner  that  perpen- 
dicular holes  are  fired. 

Buffer  Shooting  or  Blanket  Blasting 

By  Buffer  Shooting  is  meant  the  loading  and  firing  into  the  bank 
of  stone  previously  blasted.  This  method,  especially  in  a  low  bank 
where  a  steam  shovel  is  used,  piles  the  material  blasted  to  a  greater 
height  and  sometimes  makes  better  digging  for  the  shovel. 

It  is  well  to  keep  the  powder  charge  low  in  the  bore  holes  where 
the  top  is  of  loose  formation  so  that  when  the  bottom  comes  out  the 
top  will  take  care  of  itself. 

16 


Well-drill  Holes 

In  this  kind  of  blasting,  placing  the  bore  holes  is  important.  If  the 
burden  is  too  great,  dynamite  will  fail  to  do  its  work.  If  the  burden  is 
too  l^t,  waste  of  explosives  or  property  damage  may  result.  The 
object  is,  therefore,  to  have  the  charge  properly  balanced  to  give  the 
breakage  desired.  If  the  material  blasted  is  too  large,  a  little  lighter  burden 
should  be  taken  or  heavier  charges  used  on  the  next  round  of  holes  in  an 
effort  to  secure  better  breakage.  If  this  blast  results  in  the  material 
being  broken  too  fine  and  thrown  too  far,  then  greater  burden  or  lighter 
charges  should  be  taken  on  the  next  blast.  Measurements  for  the  next 
line  of  bore  holes  should  be  taken  before  the  blast,  otherwise  the  meas- 
urements will  be  only  approximate  due  to  ragged,  condition  of  the  face. 

In  deep  holes  it  is  customary  to  drill  two  to  seven  feet  below  the 
quany  floor  in  order  to  get  all  of  the  bottom.  Many  deep  holes  contain 
water  which  should  be  pumped  and  then  loaded  and  fired  quickly.    For 


this  class  of  blasting,  Atlas  Anunite  30%  to  50%  or  Atlas  Low  Freezing  Ex- 
tra 30%  to  50%  are  in  most  general  use.  A  combination  of  about  one-third 
50%  in  the  bottom  and  two  thirds  30%  or  35%  for  the  balance,  has  been 
found  to  be  a  very  satisfactory  chaise.  However,  in  some  operations  where 
severewater  conditions  exist,  it 
is  advisable  to  use  cither  gela- 
tin or  nitroglycerin  dynamite 
in  the  bottom.  Two  or  more 
electric  blasting  caps  should  be 
distributed  at  equal  distances 
in  the  powder  charge  in  each 
bore  hole  and  connected  in 
single  series  if  fired  with  a 
blasting  machine.  If  tired  by 
power  or  light  circuit,  they 
should  be  connect  ed  in  parallel. 
(Sec  illustrations  on  previous 
page.)  The  amount  of  tamping 
used  in  holes  of  this  kind  usually 
varies  from  IS  to  30  feet,  de- 
pending upon  conditions. 

Shale  Quarrying 

Atlas  R.  R.  P.  or  Low 
Freezing  Extra  powders  15% 
to  30%  are  recommended  for 
this  class  of  work.      In  some  —  .     j  ■■,-  \.-     -   .i_ 

PutoD  dnilioc  nuchme  in  opnatloo 

cases  "B"  Blasting  powder  is 

used  successfully.      If  conditions  are  unusually  severe,  Ammite  or  higher 

grades  of  Low  Freezing  Extra,  say  40%  to  50%,  may  be  advisable. 

Stripping 

In  a  general  way  various  stripping  operations  require  Atlas  Ammite 
35%  to  50%,  R.  R.  P..  Low  Freezing  Extra  15%  to  40%  dynamite  and 
sometimes  "B"  Blasting  powder,  depending  on  the  class  of  the  material 
blasted. 


RAILROAD  CONSTRUCTION 

Many  different  conditions  are  encountered  in  railroad  construction. 
Atlas  Ammite  and  Atlas  L.  F.  Extra  40%  are  usually  employed  in  this 
class  of  work,  although  very  often  R.  R.  P.  or  Blasting  Powder  is  found 
more  suitable  and  cheaper. 

ROAD  BUILDING  AND  MAINTENANCE 

Practically  the  same  conditions  exist  in  this  work  as  described 
under  the  previous  heading  "Railroad  Construction." 

SHAFT  SINKING 

Atlas  Low  Freezing  Gelatin  is  well  adapted  to  this  class  of  work. 
It  is  plastic,  water  resisting  and  does  not  give  off  objectionable  fumes. 
Blasting  of  this  character  should  be  accomplished  electrically,  delay 
electric  blasting  caps  being  used  as  detonators. 

AGRICULTURAL  OPERATIONS 

In  the  chapter  on  "Explosives,"  page  66,  a  description  of  Atlas 
Farm  Powder  is  given.  The  really  wonderful  results  which  have  been 
achieved  in  farm  work  by  the  use  of  this  powder  could  not  be  recounted 
in  a  single  chapter  of  a  publication  of  this  kind.  Because  these  results 
are  so  vital  to  agricultural  prosperity,  a  separate  book  on  the  subject 
has  been  issued.  This  book  is  called,  "Better  Farming  with  Atlas  Farm 
Powder  (The  Original  Farm  Powder)."  It  is  enough  to  mention  here 
some  of  the  features  discussed  in  this  publication. 

Explosives  Do  "A  Thousand  and  One"  Other  Things — Explosives 
are  "Portable  Dynamos,"  They  supply  power  in  a  most  convenient  formi 
They  work  where  no  other  form  of  power  can  be  applied.  They  do  a 
thousand  and  one  things  cheaper  and  better  than  other  agencies.  No 
calculation  of  all  the  different  ways  in  which  they  may  be  employed 
has  ever  been  made.  The  list  might  grow  to  several  thousands.  Some- 
thing new  in  ths^use  of  explosives  comes  to  light  almost  every  day. 

In  the  book,  "Better  Farming  with  Atlas  Farm  Powder"  a  large 
number  of  conditions  encountered  in  farm  work  in  which  explosives  can 
be  used  successfully  are  described, 
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ATLAS  BLASTING  POWDER  FOR  COAL 

A  lai^e  amount  of  Atlas  Blasting  Powder  is  used  in  breaking  down 
bituminous  coal.  It  explodes  slowly  in  comparison  with  dynamite.  It 
does  not  break  the  coal  into  small  pieces.  Still  it  has  the  required  force. 
Blasting  powder  is  made  with  grains  of  different  sizes,  the  smaller 
granulations  having  the  greater  speed. 

Bore  Holes  in  Coal  Mining 

As  a  rule  in  coal  mining,  the  bore  holes  vary  from  1)4  to  2  inches 
in  diameter  and  from  3  to  8  feet  in  depth.  The  charge  will  fill  from 
one-third  to  one-half  the  bore  hole  and  will  require  from  2  to  7  pounds 
of  powder.  The  weight  of  blasting  powder  varies  to  some  extent  with 
the  size  of  the  grain.  The  table  given  below,  based  upon  a  foot  of 
blasting  powder  packed  firmly  in  a  bore  hole,  will  serve  a  practical  purpose : 


l!^  inchet 


Atlas  Permissible  Explosives  in  Coal  Mining 

A  special  form  of  explosive  called  "Permissible"  is  made  for  use  in 
gassy  and  dusty  coal  mines.  Every  explosive  so  named  has  been  passed 
upon  by  the  United  States  Bureau  of  Mines  and  officially  listed.  The  Atlas 
Powder  Company  has  given  a  great  deal  of  attention  to  manufacturing 
this  form  of  explosive.  The  several  kinds  are  described  fully  in  Chapter 
IV  on  "Explosives,"  pages  60  and  61.  Permissible  explosives  are  easily 
handled.  The  detonation  is  relatively  slow  compared  with  that  of  other 
explosives  of  the  dynamite  class.  If  good  judgment  is  used  in  the 
placing  and  charging  of  the  bore  holes,  the  coal  may  be  broken  down 
in  almost  any  desired  size.  In  every  operation  in  coal  mining  where 
Atlas  permissibles  have  been  used  they  have  given  excellent  results. 


SALT  MINING 

Explosives  are  used  to  mine  deposits  of  rock  salt. 

The  Atlas  Powder  Company  has  made  a  careful  investigation  of  the 
conditions  of  salt  mining.  As  a  result.  Coalite  B  L.  F.  and  Coalite 
E  L.  F.  are  recommended  for  this  work. 

Elsewhere  in  this  catalogue  attention  has  been  given  to  the  work 
for  which  explosives  are  used  in  industrial  construction  and  contracting 
operations.  Here  are  given  examples  of  special  forms  of  work  for  which 
explosives  may  be  employed. 


SUBMARINE  WORK 

At  the  bottom  of  rivers  or  harbors  there  may  be  ledges  of  rock  or 
sunken  ships  or  other  obstructions  that  interfere  with  navigation.  Ex- 
plosives will  remove  these  obstructions. 

Under-water  Ledges 

In  the  case  of  a  rocky  ledge  to  be  removed,  an  iron  pipe  is  lowered 
from  a  staging  or  drill  boat.     Through  the  pipe  the  holes  arc  drilled  and 


charged.  The  weight  and  pressure  of  the  water  lessens  the  effect  of 
explosives.  Therefore,  the  holes  should  be  drilled  more  closely  together 
and  the  charges  should  be  made  heavier  than  in  ordinary  blasting.  A 
waterproof  electric  blasting  cap  should  be  used.  The  holes  are  loaded 
by  means  of  a  "chai^er"  (or  "loading  tube")  and  a  long  tamping  stick. 
If  wharves  are  near,  the  danger  of  damage  to  them  from  the  blast  is 
avoided  by  reducing  the  charge  and  putting  very  little  space  between 
the  holes. 

In  forms  of  under-water  obstruction,  where  it  is  not  desirable  to 
drill  holes,  a  bundle  of  explosives  tied  together  (in  "Torpedo"  style)  is 
used.  A  diver  fastens  the  bundle  to  the  material  to  be  blasted.  A 
waterproof  electric  blasting  cap  is  used  for  the  priming  and  the  firing 
is  accomplished  by  electricity.  Several  such  charges  may  be  needed  to 
do  the  work. 

The  explosive  suitable  to  the  usual  form  of  deep  water  work  is 
Gelatin  Dynamite  40%  to  60%,  though  often  Nitroglycerin  Dynamite 
is  used  to  advantage.  If  the  material  to  be  blasted  is  unusually  tough, 
Blasting  Gelatin  should  be  employed.  These  explosives  are  made  so  that 
they  will  work  well  under  water. 

They  are  packed  in  cartridges  of  different  diameters  from  1  }^4  up  to 
4  inches;  and  8  to  24  inches  in  length,  and  protected  by  heavy  paper 
wrappings. 

Sunken  Vessels 

Before  blasting  the  wreck  of  a  sunken  vessel,  it  should  be  carefully 
examined  by  divers  and  the  depth  of  water  in  which  it  lies,  its  con- 
dition and  its  position  must  be  known  before  the  explosive  can  be  placed 
correctly. 

The  masts  of  sunken  vessels  can  be  cut  off  by  explosives.  Cartridges 
fastened  to  a  hoop  are  lowered  over  the  mast  to  the  desired  position, 
and  the  charge  fired  electrically. 

Pile  Removing 

Piles  already  driven  may  be  cut  off  by  the  same  method  as  that 
described  above  for  the  treatment  of  the  masts.  Gelatin  Dynamite  40% 
to  60%  should  be  used. 


MISCELLANEOUS 
Blasting  Ice  Jams 

There  are  two  methods  of  breaking  up  an  ice  jam,  gorge  or  flow. 
'  In  the  first  method  the  explosive  charge  is  placed  on  the  surface  of  the  ice 
or  in  some  hollow  place  or  crevice,  at  the  point  where  the  formation  seems 
to  be  the  weakest.  The  charge  may  be  5  to  25  pounds  (which  would  be 
contained  in  lOto  50  cartridges  of  the  IJ^xSsize). 

In  the  second  method,  holes  are  cut  throi^h  the  ice  in  a  semi-circular 
formation,  the  middle  holes  being  down  stream.  Two  to  eight  cartridges 
(1J4  X  8)  are  tied  in  a  bundle.  As  many  such  bundles  as  are  needed 
are  lowered  throi^h  the  holes  made  in  the  ice.  Cords  fastened  to  the 
bundles  hold  them  in  position.  The  entire  charge  is  located  by  this 
method  on  the  under  side  of  the  ice.  The  cords  should  be  "payed  out" 
sufficiently  to  put  the  bundles  well  back  under  the  ice.  The  leading 
wires  which  connect  with  the  electric  blasting  caps  should  be  long 
enough  to  reach  to  a  point  of  safety  for  the  "firer."  Atlas  L.  F.  Gelatin 
40%  is  the  proper  explosive  for  this  blasting. 

Breaking  Cakes  of  Ice 

Tie  tt^ether  3  or  4  cartridges  of  explosives.  Prime  one  of  them 
with  a  blasting  cap  and  fuse.  Tie  the  bundle  to  a  block  of  wood  and 
immediately  after  igniting  the  fuse,  throw  it  upon  the  cake  of  ice,  as 
near  as  possible  to  the  center.  The  operation  may  require  another  and, 
perhaps,  a  larger  charge.  A  nearby  bri<^e  may  supply  a  position  from 
which  to  drop  the  charge  upon  the  floating  ice  cake. 

Ammite  or  Atlas  L.  F.  Extra  Dynamite  40%  to  60%  is  the  explo- 
sive to  use. 

Opening  a  Log  Jam 

A  jam  of  logs  usually  has  a  central  point  where  one  or  more  of 
the  logs  have  become  wedged.  A  fairly  heavy  charge  of  explosives, 
in  the  form  of  cartridges  tied  together,  should  be  put  at  this  central 
point.  Atlas  L.  F.  Nitroglycerin  Dynamite  40%  is  the  explosive  and 
Atlas  No.  6  Electric  Blasting  Cap  the  detonator  to  use.  If  no  elec- 
tric current  is  available,  blasting  cap  and  fuse  may  be  employed.    Care 


should  be  taken  to  have  fuse  sufficiently  long  to  allow  the  blaster  to 
reach  a  point  of  safety.  By  using  explosives  the  work  can  be  done 
much  more  quickly  and  mth  far  less  danger  than  with  ordinary  man- 
power methods. 


Breaking  up  Old  Castings  and  Boilers 

When  old  boilers,  machinery,  castings,  etc.,  are  to  be  "scrapped," 
explosives  are  the  best  agency  to  use.  For  breaking  a  boiler  the  explo- 
sive should  be  removed  from  the  cartridge  and  pressed  in  a  train  in  the 
line  of  the  proposed  cut.  The  train  of  explosive  should  not  be  flattened 
or  thinned  out,  but  should  be  at  least  J^  of  an  inch  thick.  Well- 
tempered,  stiff  clay  or  mud  should  be  used  to  cover  the  charge.  The 
clay  should  be  pressed  firmly  into  place.    Care  should  be  taken  not  to 


break  the  train  of  the  explosive.  A  blasting  cap  and  fuse  may  be  used 
for  detonation.    If  done  properly  the  operation  will  cut  the  boiler  neatly. 

A  small  chaise  placed  against  the  side  of  a  bolt  head  and  covered 
with  mud  or  clay  and  then  fired,  will  take  the  head  off. 

L.  F.  Nitrc^lycerin  Dynamite  40%  to  60%  is  the  exploMve  to  use. 

Castings  can  be  broken  easily  by  boring  holes  and  filling  them  as 
well  as  any  bolt  hole  or  crevice  with  explosives.  Many  forms  of  old  iron 
may  be  broken  by  placing  the  charge  on  top  of  them  and  firing  by  the 
"mud -cap"  method. 

Loosening  Fertilizer  in  Warehouses 

Using  a  two-inch  rafting  auger,  bore  holes  from  top  of  pile  of 
fertilizer  eight  to  ten  feet  deep  leavii^  from  two  to  three  feet  between 
bottom  of  holes  and  wood  floor.  Rarely  are  more  than  two  or  three 
chaiges  placed  at  one  time.  S[>acing  between  holes  will  depend  upon 
condition  of  material.  Holes  should  be  loaded  with  one  to  four  Ij'^x  8 
cartridges  of  L.  F.  Extra  Dynamite  20%,  or  Atlas  Quarry  Special 
No.  2  L.  F.     The  charges  should  be  fired  electrically. 

Loosening  Frozen  Material  in  Railroad  Cars 

When  coal,  ore,  rock,  cinders  or  any  other  material  beconies 
frozen  in  a  railroad  car,  to  blast  the  material  loose  with  explosives  is 
a  simple  operation.  The  charge  should  be  from  }4  to  J/^  a  cartridge 
of  Atlas  L.  F.  Extra  Dynamite  20%  to  40%.  It  should  be  loaded  in 
the  crevices  of  the  material.  Either  a  blasting  cap  and  fuse  or  an 
electric  blasting  cap  may  be  used  to  fire  the  charge.  If  the  car  is 
constructed  with  a  hopper  dumping  device,  the  hopper  door  should 
be  opened  and  a  hole  bored  from  the  bottom  10  or  12  inches  into  the 
material.  The  same  amount  of  explosive  ( }-i  to  H  a  cartridge)  should  be 
used  as  described  in  the  first  method.  By  following  the  directions  care- 
fully the  frozen  mass  can  be  entirely  loosened  without  injury  to  the  car 
and  with  a  saving  of  several  hours  time. 

Loosening  Frozen  Ore  Piles 

If  a  quantity  of  sand,  rock,  ore  or  other  material,  piled  for  storage 
becomes  frozen  so  that  it  cannot  be  handled  easily,  the  quickest  and 


best  way  to  break  it  up  is  to  use  explosives.  The  charge  should 
be  loaded  in  the  crevices  and  detonated  with  a  blasting  cap  and  fuse 
or  with  an  electric  blasting  cap.  If  the  material  is  piled  on  a  dock,  a 
smaller  charge  should  be  used.  (See  the  foregoing  description  of  the 
method  of  Loosening  Frozen  Materials  in  Railroad  Cars.)  Atlas  L.  F. 
Extra  Dynamite  20%  to  40%  or  Ammite  30%  is  suitable  for  this  work. 


Excavating  for  Cellars  and  Foundations 

In  making  excavations  for  foundations,  explosives  frequently  are 

necessary.    The  nearness  of  a  roadway  or  a  building  need  not  prevent 

a  contractor  from  considering  this  method.     There  is  a  way  to  guard 

against  accident.    Blasting  mats  made  of  heavy  ropes  arc  placed  over 

31 


the  holes  containing  the  charges  and  upon  them  heavy  timbers  are 
placed.  (Railroad  ties  serve  the  purpose  very  well.)  The  charge  should 
be  small,  a  few  cartridges  of  Atlas  Ammite  or  Atlas  L.  F.  Extra  Dyna- 
mite 40%  will  be  sufficient  for  the  work. 

The  holes  shoxild  be  placed  very  carefully.  The  blasting  mats  will 
keep  the  rock  and  dirt  from  flying.  But  the  shots  must  be  so  regulated 
that  the  detonation  will  not  injure  nearby  foundations.  The  first  round 
of  holes  should  be  shallow  (2  or  3  feet  deep)  loaded  lightly  and  well 
tamped.  The  effect  of  these  shots  will  enable  the  blaster  to  determine 
how  much  deeper  the  holes  and  heavier  the  chaises  may  be  for  the  follow- 
ing shots. 

Excavations 

In  every  form  of  excavating  in  which  explosives  are  used,  it  is  cer- 
tain there  will  be  considerable  variety  in  the  kinds  of  material  encoun- 
tered. Hence,  it  is  impossible  to  determine  the  proper  kind  of  explo- 
sive to  use  until  the  material  has  been  examined. 

For  general  excavating  work,  Atlas  Ammite  40%  or  Atlas  L.  F. 
Extra  Dynamite  40%  is  best  suited.  Should  the  material  be  unusu- 
ally hard  a  higher  percentage  should  be  used,  but  should  it  be  found 
that  40%  is  too  strong,  then  lower  grades  are  recommended.  Veiy  often 
R.  R.  P.  or  blasting  powder  is  suitable. 

Tearing  Down  Buildings 

Buildings,  old  foundations,  stone,  brick  or  concrete  walls,  can  be 
quickly  razed  by  the  use  of  explosives.  If  a  roadway  or  building  is  near 
such  work,  blasting  mats  or  other  protective  covering  should  be  used  to 
prevent  the  material  from  flying. 

In  the  case  of  a  foundation,  the  holes  should  be  drilled  down  in  the 
wall  from  the  top.  They  should  be  about  I  foot  from  the  e<^e  and  only 
8  to  12  inches  deep.  If  needed,  a  second  row  of  holes  may  be  drilled. 
Use  Ammite  or  L.  F.  Extra  Dynamite,  30%  to  40%,  %  to  H  of  a  car- 
tridge for  each  hole. 

In  the  case  of  a  wall  10  to  12  feet  high,  which  is  not  near  a  roadway 
or  other  building,  a  larger  charge  may  be  used.  The  object  is  to  rack 
and  loosen  the  material.  It  then  can  be  removed  easily  with  pick  and 
shovel.    The  holes  are  generally  drilled  horizontally  into  the  side  of  the 


wall  a  foot  or  two  above  the  ground  and  should  be  placed  4  to  6  feet 
apart.  The  chai^  should  be  ft^m  j^  to  1  cartridec  depending  on  the 
depth  of  the  hole  and  the  thickness  of  the  wall.  The  holes  should  be 
solidly  tamped.    The  firing  should  be  done  electrically. 


In  the  Path  of  Fires 

In  certain  emergencies  it  may  be  desirable  to  get  buildings  out  of 

the  way  quickly.    To  clear  combustible  material  from  the  path  of  a 

fire  in  a  large  city  would  be  such  an  emergency.     Explosives  better 

than  anything  else  can  be  used  to  meet  this  situation.     To  pull  down  a 
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building  for  this  purpose  the  chaise  of  explosives  should  be  placed 
against  the  strongest  supports  of  the  building.  If  they  are  broken 
down  by  the  blast,  most  of  the  other  parts  of  the  building  will  collapse 
with  them.    Explosives  of  40%  strength  or  stronger  will  do  this  work. 

Making  Holes  for  Posts  and  Poles 

To  make  a  hole  for  a  telegraph  or  a  telephone  pole,  a  hole  about 
2j^  inches  in  diameter  should  be  punched  to  within  about  6  inches  of 
the  depth  desired.  Atlas  L.  P.  Nitroglycerin  Dynamite  60%  should 
be  used.  The  charge  should  be  divided.  The  different  parts  of  the 
charge  should  be  fastened  with  wire  or  string  to  a  stick  (laths  serve 
nicely)  at  intervals  of  6  to  12  inches.  A  blasting  cap,  or  an  electric 
blasting  cap,  should  be  placed  in  the  upper  part  of  the  charge.  The 
other  parts  of  the  chaise  will  detonate  from  the  force  of  the  primed 
charge.  Loose  dirt  or  stones  should  first  be  cleared  from  the  sides  of 
the  holes,  as  such  material  might  fall  and  lo(^e  between  the  parts  of 
the  charge  and  cause  some  of  them  to  misfire. 

To  make  a  hole  for  a  fence  post  of  ordinary  size,  a  hole  about  1 !  -i 
inches  in  diameter  should  be  punched  to  about  the  depth  the  post  is 
to  be  set.  A  crowbar  may  be  used  for  this  purpose.  Use  Atlas  Ammitc 
or  L.  F.  Extra  Dynamite  30%  to  40%.  As  to  the  amount  of  the  chartje, 
be  guided  by  the  condition  of  the  soil.  In  the  ordinary  heavy  soil,  one 
half  cartridge  of  the  explosive  will  be  sufficient.    Do  not  tamp. 

The  blast  will  not  loosen  the  ground  in  a  sufficiently  wide  area  to 
make  it  difficult  to  fix  the  pole  or  post  firmly  in  place,  if  small  chaises 
are  used.  Digging  out  the  top  part  of  the  hole  (from  6  to  12  inches)  and 
then  punching  the  hole  for  the  charge  and  blasting,  wdl  prevent  the 
ground  from  being  shaken  up  about  the  top  of  the  hole. 

Changing  Stream  Channels 

Rivers,  streams  and  creeks  at  times  overflow,  resulting  in  considera- 
ble damage  to  nearby  farm  land.  Crops  are  ruined.  Deposits  of  sand 
may  spoil  the  soil.  But  the  extent  of  the  dam^e  is  increased  by  sharp 
turns  in  the  channel  caused  by  water-soaked  wood,  brush,  tree  roots 
and  rock  ledges. 


All  of  these  obstructions  can  be  removed,  the  water-course 
straightened  and  the  channel  deepened  by  blasting.  The  water-course 
itself  can  be  made  an  attractive  feature  of  the  property.  The  nearby  farm 
land  can  be  rescued  from  the  overflows  and  deposits  of  sand.  For  clearing 
the  bed  of  the  water-course  use  Atlas  L.  F,  Gelatin  40%.  For  straight- 
ening and  deepening  the  channel  the  following  suggestions  are  made: 

If  material  is  dry  and  sandy,  use  Atlas  L.  F.  Extra  Dynamite  40% 
or  Atlas  Fann  Powder;  if  material  is  wet  clay,  use  Atlas  L.  F.  Nitro- 
glycerin Dynamite  60%.  The  blasting  method  of  accomplishing  such 
improvements  will  be  found  both  economical  and  effective. 

Making  Small  Lakes  or  Ponds 

When  it  is  desired  to  make  a  small  lake  or  pond  for  fish  or  for 
ice,  the  earth  can  be  blasted  out.  It  would  not  be  advisable  to  try  to 
make  the  entire  excavation  with  explosives  except  for  a  small  pond  because 
some  of  the  earth  would  fall  back  into  the  excavation.  But  the  material 
may  be  loosened  by  the  blasting  so  that  its  removal  by  scrapers  will  be 
made  an  easy  task.  For  excavating  for  this  purpose  use  Atlas  Ammite, 
L.  F.  Extra  Dynamite  30%  or  Farm  Powder.  The  entire  work  can 
be  done  in  far  less  time  and  with  a  saving  in  cost  by  the  use  of  explosives. 

Land  Reclamation 

Many  thousands  of  acres  of  government  land  have  been  reclaimed. 
Many  fldditional  thousands  of  acres  will  be  reclaimed. 

Arid,  "cut -over"  and  swampy  acres,  if  treated  by  scientific  methods, 
can  be  made  fertile. 

Here  is  where  explosives  will  play  a  large  [>art.  The  treatment  of 
arid  land  calls  for  irrigation.  This  means  the  building  of  dams  and 
canals  in  which  blasting  will  be  necessary.  To  clear  "cut -over"  territory 
requires  the  blasting  of  stumps.  The  problem  in  the  case  of  swamps  is 
one  of  drainage.  Ditches  and  drainage  canals  are  needed.  In  this  work 
explosives  give  the  quickest  and  best  help.  Valuable  details  as  to  the 
use  of  explosives  for  this  kind  of  work  arc  given  in  the  book,  "Better 
Farming  with  Atlas  Farm  Powder,"  which  will  be  mailed  to  anyone 
asking  for  it. 
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Extinguishing  Oil  and  Gas  Well  Fires 

Gas  and  oil  well  fires  are  economically  and  successfully  extinguished 
through  the  use  of  explosives.  Atlas  L.F.  Gelatin  Dynamite,  Atlas  Blast- 
ing  Gelatin  L.  F.  or  Atlas  Oil  Well  Explosives  L.  F.  100^  should  be  used. 
A  charge  proportionate  to  the  volume  of  the  flame  should  be  placed  in  a 
container  of  wood  or  some  other  material  of  such  a  nature  that  it  would 
cause  no  damage  when  the  contents  explode  and  which  is  amply  protected 
with  asbestos  covering.  This  container  is  primed  and  connected  for  elec- 
trical tiring,  the  leading  wires  being  covered  with  asbestos  or  other  fire-proo  f 
insulation.  A  flexible  cable  is  secured  some  distance  away  from  the  well 
and  laid  around  the  flame.  The  charge  is  fastened  securely  to  this  cable  at  a 
point  that  will  suspend  it  in  the  center  of  the  flame  when  the  cable  is  pulled 
taut.  The  charge  must  be  fired  at  the  precise  instant  it  reaches  the 
proper  point  in  the  flame.  The  force  of  the  explosion  temporarily  stops 
the  flow  of  the  gas,  breaks  the  contact  and  thus  extinguishes  the  flame. 


A  tf  u  extinguiihed  with  »plo«i 


CHAPTER  III 

llow  to  Use  Explosives 

IF  ALL  earth  were  "just  ground"  and  if  all  ground  were  alike,  blast- 
ing problems  would  be  few. 
But,  every  foot  of  earth  or  rock  in  which  one  may  blast  may  be 
different  from  every  other  foot.  The  differences  are  sometimes  very 
great  indeed.  Blasting  problems,  therefore,  are  not  few.  They  are 
without  number.  But  knowledge  grows.  Conditions  in  which  explo- 
sives are  to  be  used  can  be  analyzed.  They  can  be  compared  with  other 
conditions.  Gradually,  out  of  actual  experience  in  the  lield,  certain 
conditions,  and  sets  of  conditions,  can  be  understood.  Some  of  them, 
at  least,  can  be  classified  as  more  or  less  typical. 

There  are  many  instances  in  this  catalogue  where  a  definite  recom- 
mendation is  made  regarding  the  kind  of  explosive  to  use.  Usually  the 
condition  described  is  a  typical  one. 

Every  recommendation  in  this  catalogue  is  offered  with  the  under- 
standing that,  in  any  particular  case,  factors  differing  from  those  named, 
may  enter  and  alter  the  condition. 

The  user  of  Atlas  Explosives  is  invited  to  consult  with  the  Company's 
Service  Division  (see  Chapter  VII  on  "Service")  before  undertaking 
any  particular  blasting  work. 

In  planning  a  blast  one  of  the  chief  factors  is  that  of  explosives — 
the  kind  and  the  amount.  It  will  be  useful,  therefore,  to  know  how  one 
pound  of  an  explosive  of  a  given  strength  will  compare  with  a  pound  of 
a  different  strength.  Such  a  comparison  can  be  made  by  the  aid  of  the 
following  table: 

COMPARING  DIFFERENT  STRENGTHS 
One  pound  of 

60%  equals:  1.10  tb.        1.18  1b.        1.27  1b.        1.35  1b.        1.491b.        1.611b. 

of  50%        of  45%        of  40%        of  35%        of  30%        of  25% 
1.73  lb.        1.87  lb.        2.09  lb. 
of  20%        of  15%        of  lO'ii 

It  will  be  seen,  for  example,  that  one  pound  of  60^  Nitroglycerin 
Dynamite  is  equal  in  strength  to  nearly  one  and  a  half  pounds  of  30% 


strength.  Also  that  two  and  eight -hundredths  pounds  of  the  10% 
strength  is  the  equivalent  of  one  pound  of  the  60%  strength.  This  set 
of  ratios  also  may  be  used  in  comparing  the  strength  of  one  cartridge 
of  any  given  strength  with  the  same  size  of  cartridge  of  any  other  given 
strength  of  the  same  explosive. 

HOW  TO  FIGURE  TONNAGE  BLASTED 

Starting  with  the  wdght  of  a  cubic  foot  of  the  rock,  the  tonnage 
to  be  blasted  can  be  approximated.  For  example,  a  cubic  foot  of  solid 
limestone  has  been  found  to  weigh  about  IfiS  pounds.  If,  for  example, 
the  length  of  the  rock  mass  to  be  blasted  is  200  feet,  the  width  25  feet 
and  the  he^ht  80  feet,  the  tonnage  can  be  calculated  by  multiplying 
the  three  dimensions.  The  result  is  400,000  cubic  feet.  Multiplying 
this  by  168  and  dividing  the  result  by  2,000  (pounds  in  a  ton)  gives 
the  weight  of  the  mass  in  tons,  namely,  33,600  tons. 

The  weight  of  a  cubic  foot  of  nearly  every  kind  of  material  in  which 
explosives  are  used,  from  gravel  to  gold,  is  known. 

If  the  user  will  write  to  the  Atlas  Service  Division,  telling  the  kind  of 
material  in  which  he  is  working,  he  will  be  given  the  weight  of  a  cubic 
foot  of  that  material.  It  will  be  understood,  however,  that  in  some 
materials,  such  as  the  ores,  the  variation  in  the  wdght  is  so  great  that 
it  is  better  to  use  the  cubic  yard  as  a  basis  of  calculation. 

The  tables  showing  the  results  of  blasts  actually  made,  which  appear 
elsewhere  in  this  Chapter,  give  the  amount  of  material  broken  down  per 
pound  of  explosive  used.  The  figures  in  this  column  vary  greatly.  In 
some  cases  the  data  supplied  explains  the  results.  The  result  of  the 
shot  depends  on  the  placing  of  the  bore  holes  and  the  kind  and  grade  of 
explosives  used. 

Time,  Labor  and  Money  can  be  Saved 

A  well-known  authority  on  the  subject  of  explosives  has  said: 

"If  you  are  using  more  than  a  third  of  a  pound  of  explosives  per 

ton  of  stone  taken  from  your  quarry,  there  is  room  for  improvement." 
While  this  applies  particularly  to  quarrying,  similar  statements 

with  the  ratio  made  appropriate  to  that  field  could  be  made  regarding 

each  field  in  which  explosives  are  used. 


THE  IMPORTANCE  OF  TAMPING 

The  gas  which  is  created  when  an  explosive  is  detonated  is  bound 
to  get  out.  If  the  explosive  is  detonated  in  a  confined  place,  the  gas 
will  break  down  the  walls.  If  there  is  a  crack  or  other  opening,  it  mil 
escape  through  that. 

Tamping  is  most  important.  If  the  powder  charge  is  not  properly 
tamped,  the  gas  will  escape,  g  certain  portion  of  energy  will  be  wasted  and 
what  is  equally  objectionable  in  underground  work,  large  volumes  of 
poisonous  gas  will  escape  into  the  mine  where  men  are  working. 

Tamping  Material 

Clay  or  sand  makes  the  best  tamping  material,  but  if  these  are  not 
obtainable  ordinary  soil,  brick  dust,  stone  dust,  etc.,  will  tfhswer. 

Care  should  be  taken  that  tamping  is  free  from  pieces  of  rock  or 
other  hard  substances,  otherwise  fuse  or  wires  may  be  damaged. 

Where  horizontal  or  upward  holes  are  drilled  as  in  mine  or  tunnel 
work,  the  tamping  material  should  be  placed  in  Sureshot  Shells,  other- 
wise tamping  will  be  tedious  work. 


Loading  well-drill  hole*  in 


How  to  Tamp 

For  tamping  piston  drill  holes  a  light  wooden  pole  should  be  used. 
For  well-drill  holes  a  block  of  wood  3  or  4  feet  in  length  and  rounded 
to  fit  into  the  hole,  with  a  rope  attached  for  lowering  and  raising, 
should  be  used.  It  now  is  common  practice,  except  in  cases  where 
the  powder  charge  comes  up  very  high,  to  merely  pour  the  tamping 
material  into  the  well-drill  hole  as  it  packs  sufficiently  from  its  own 
weight. 

The  tamping  stick  may  be  weighted  by  drilling  holes  in  it  and  filling 
the  holes  with  molten  lead,  after  which  the  holes  should  be  plugged  with 
wood  to  prevent  the  lead  from  coming  out.  The  extra  weight  is  of  value 
when  the  tamping  is  done  in  water. 


TampfiiB  well-drill  hole* 


Do  Not  Use  Iron 

Nothing  but  a  wooden  pole  or  block  should  be  used  in  tamping.  It 
may  be  a  temptation  to  use  a  drill  bit  or  iron  bar  that  may  be  handy. 
BUT  DON'T  DO  IT.  DON'T  USE  ANYTHING  CONTAINING 
METAL. 

After  a  charge  has  been  put  in  place  in  small  drill  holes  2  or  3  inches 
of  the  tamping  material  should  be  pressed  carefully  down  on  the  chaise. 
This  tamping  should  be  done  very  gently.  Carelessness  might  cause  a 
premature  explosion.  For  the  next  few  inches  of  the  space  the  material 
may  be  packed  in  a  little  more  firmly.  After  about  5  inches  of  tamping 
has  been  accomplished  that  remaining  can  be  done  with  a  little  more 
power.  It  is  not  safe,  however,  to  use  any  force  stronger  than  hand 
power. 

The  fuse,  or  the  wires  of  the  electric  blasting  cap  or  of  the  electric 
igniter,  should  be  watched  carefully  to  see  that  they  are  not  injured 
during  the  tamping  process. 

Broken  Charges 

In  some  rock  formations,  what  is  known  as  "broken  charges"  may 
be  employed.  For  example,  should  a  clay  scam  appear  in  the  bank  of 
stone  to  be  shot,  it  would  not  be  advisable  to  load  that  portion  of  the 
hole  with  explosives.  The  charge  should  be  divided,  with  some  placed  a 
distance  below  and  some  above,  while  the  clay  seam  is  filled  only  with 
tamping  material.  Care  should  be  taken,  however,  to  have  the  necessary 
electric  blasting  cap  in  each  part  of  the  charge  of  explosives. 

Note:—'Wt  have  not  used  the  word  "stemming"  in  this  article.  It 
means  the  material  used  for  tamping  and  is  so  used  in  the  publications 
issued  by  the  Government  Bureau  of  Mines. 

The  importance  of  proper  tamping  is  emphasized  by  the  Bureau  of 
Mines  in  Bulletin  No.  17,  which  says: 

"Every  explosive,  when  exploded,  exerts  pressure  in  every  direction. 
When  laid  on  top  of  rock  and  exploded,  gun  powder  and  other  low  ex- 
plosives do  not  affect  the  rock  because  they  explode  so  slowly  that  the 
gases  formed  can  lift  the  air  above  them  and  escape;  but  dynamite, 
fulminate  of  mercury,  and  other  high  explosives,  if  laid  upon  brittle  or 
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soft  rock  and  detonated,  may  shatter  it,  because  they  explode  30  quickly 
that  the  gases  formed  cannot  lift  the  large  volume  of  air  which  confines 
them  without  pressing  back  forcibly  against  the  rock.  This  confine- 
ment by  air  is  not,  however,  close  enough  to  give  the  best  result  with  an 
explosive.  By  boring  a  hole  in  rock  and  tamping  the  explosive  firmly  in 
it,  blackpowder  and  other  low  explosives  may  be  made  to  break  the  rock, 
or  a  much  less  quantity  of  high  explosives  will  break  the  rock  than  is 
required  to  break  it  when  laid  upon  it.  Confining  an  explosive  is  the 
cheapest  and  best  way  to  use  it." 

CHAMBERING  AND  SQUIBBING 

The  process,  also  called  "springing,"  is  to  make  a  hole  larger  at  the 
bottom  by  using  a  small  charge  of  explosive. 

The  advantages  of  springing  the  holes  in  a  large  blast  where  the 
material  blasted  will  permit  of  its  being  done  successfully,  are  these: 
First,  it  makes  possible  the  concentration  of  the  charge  at  the  place  where 
the  burden  is  the  greatest.  Second,  it  distributes  the  entire  charge  in 
fewer  holes  and  thus  elTects  a  saving  in  the  drilling  cost. 

From  one  to  twenty-five  pounds  of  explosive,  possibly  more,  may 
be  required  for  the  springing  charges  of  a  bore  hole.  The  amount  of 
explosive  to  use  must  be  estimated  according  to  the  nature  of  the 
work,  the  first  shot  having  the  lightest  charge  and  the  charge  increasing 
with  each  successive  shot. 

The  rule  is  to  use  a  scries  of  shots  to  spring  the  hole.  In  such  a 
case  the  amount  of  explosives  is  gradually  increased  with  each  shot. 

Atlas  L.  F.  Extra  Dynamite  30%  to  40%  strength  is  recommended. 

Do  not  start  to  charge  a  hole  immediately  after  a  springing  shot 
has  been  fired  in  it.  Wait  until  the  hole  has  cooled.  Otherwise  the  heat 
may  cause  a  premature  explosion. 

After  a  hole  has  been  sprung  it  is  important  to  see  that  the  cavity 
is  completely  filled  with  the  charge.  If  blasting  powder  in  bulk  form  is 
used,  a  thin  tamping  stick  may  be  put  in  the  hole  and  gently  raised  and 
lowered  while  the  powder  is  being  filled  in.  This  will  spread  the  powder 
out  and  fill  the  hole  better.  If  any  grains  of  powder  have  been  spilled 
at  the  mouth  of  the  hole,  they  should  be  carefully  brushed  into  it. 


MUD-CAPPING 

This  method  is  sometimes  called  "Doby  Shooting,"  "Blistering"  oi 
"Bull -dozing." 

In  mud-capping,  no  hole  is  drilled.  The  explosive  ts  placed  on  top 
of  the  boulder  and  near  the  centre  of  the  top.  If  there  is  a  crevice  oi 
hollow  space,  the  explosive  should  be  placed  in  it.  The  size  of  the  charge, 
of  course,  will  depend  upon  the  size  of  the  boulder.  The  cartridges 
should  be  slit  open,  so  that  they  may  be  pressed  closely  together.  An 
explosive  which  will  deliver  a  quick  and  shattering  blow  is  best  for  this 
work.  Atlas  L.  F,  Nitroglycerin  Dynamite  40%  to  60%  strength  will 
give  the  desired  results,  although  Atlas  L.  F.  Extra  Dynamite  of  the 
same  strength  is  often  used  successfully.  The  primer  should  be  put  in 
the  centre  of  the  charge.  The  charge  should  then  be  covered  over  with 
stiff  mud  or  clay.  (This  is  the  mud-capping  which  gives  the  name  to 
this  method  of  blasting.)  The  mud-cap  should  be  packed  firmly  in  place. 

BLOCK-HOLING 

In  block-holing,  a  hole  is  drilled  in  the  boulder  toward  its  centre. 
Usually  a  one-inch  diameter  hole  will  be  lai^e  enough.  The  explosive 
should  be  taken  out  of  the  cartridges  and  the  proper  amount  put  into 
the  hole,  the  hole  should  then  be  tamped  solidly  up  to  the  mouth.  In  some 
instances  a  large  boulder  will  require  more  than  one  chaise.  The  shot 
will  not  be  a  success  unless  the  hole  is  properly  tamped.  Atlas  L.  F. 
Extra  Dynamite,  20%  to  40%  strength,  should  be  used. 

USING  MIXED  CHARGES 

Many  operators  dislike  to  use  more  than  one  grade  of  explosive 
for  the  handling  of  the  explosive  is  somewhat  easier  when  only  one  grade 
is  used.  On  the  other  hand,  far  better  results  frequently  are  obtained 
when  the  hole  is  loaded  with  a  mixed  charge. 

This  has  been  done  in  tunneling  and  qiiarrying  and  in  general 
mining.  The  practice  is  to  put  the  stronger  explosive  in  the  bottom  or 
back  of  the  hole  and  make  up  the  rest  of  the  charge  with  a  weaker  one. 

In  very  hard  and  tough  rock,  or  where  (as  in  the  face  of  a  quarry) 
there  may  be  an  especially  heavy  burden  at  the  bottom,  the  combination 


shot  may  be  employed  successfully.  It  also  may  be  used  when  it  is  the 
aim  to  throw  out  the  material  with  good  breakage  and  pile  it  conveniently 
for  shoveling.  The  cost  of  explosives  per  ton  of  material  broken  will 
be  lessened  by  employing  this  method. 

It  will  be  found  that  some  of  the  shots  included  in  the  tables  given 
on  pages  47  and  48  were  made  with  mixed  chaises.  The  results  can  be 
noted  in  the  column  showing  the  amount  of  material  broken  down  per 
pound  of  explosives  used. 

MISFIRES 

When  a  charge  in  a  hole  fails  to  detonate,  usually  it  means  the  cost 
of  drilling  another  hole.  It  also  means  the  danger  of  an  accidental  dis- 
charge of  the  unexploded  material. 

Means  of  preventing  misfires  are:  Careful  priming,  tamping,  in- 
specting and]^testing  the  blasting  circuit  with  the  galvanometer  and 
rheostat,  and  the  use  of  sufficient  electric  current. 
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CHAPTER  IV 

Explosives  and  Blasting  Supplies 

As  a  manufacturer  of  Explosives  and  Blasting  Supplies  the  Atlas 
Powder  Company,  in  a  large  way,  has  a  three-fold  policy: 

First,  it  must  keep  its  product  up  to  that  high  standard  upon  which 
the  reputation  of  Atlas  Explosives  has  been  built. 

Second,  through  continuous  research  and  experiment,  it  is  con- 
stantly seeking  to  improve  its  product. 

Third,  it  is  seeking  to  meet  every  new  need  with  a  commodity  suited 
to  that  need. 

Following  the  list  of  Atlas  Explosives  and  Blasting  Supplies 
(enumerated  below)  is  a  description  of  each  individual  item.  How  they 
are  used  is  explained  in  Chapter  II,  "What  Explosives  are  Used  For." 

EXPLOSIVES 

Nitroglycerin  Dynamite — 25%  to  60%  strength.  Low  freezing. 

Extra  Dynamite — 15^^  to  60%  strength,  Low  freezing. 

Gelatin  Dynamite — 25%  to  80%  strength.  Low  freezing,  packed 
in  white  paper  cartridges. 

Extra  Gelatin  Dynamite — 40%  to  90%  strength.  Low  freezing, 
packed  in  white  paper  cartridges. 

Blastinq  Gklatin^100%  strength,  Low  freezing. 

Oil  Well  Explosivb— 100%  strength,  80%  strength.  Low  freezing. 

Coalite — (10  grades),  9  Low  freezing  and  one  Non-freezing.  A 
Permissible  Explosive,  packed  in  white  paper  cartridges. 

Low  PowDBRs^ — (four  grades),  5%  to  20%  strength.  Low  freezing. 

Quarry  Powders — (three  grades).  Low  freezing. 

AuMiTE^(six  grades),  30%  to  75%  strength.  Non-freezing. 

Atlas  Farm  Powder— The  Original  Farm  Powder,  The  Safest 
Explosive. 

Atlas  Non-Freezinq  Farm  Powder — Non-freezing. 

Atlas  Stumping  Special  No.  2  L.  F.— -Very  low  freezing. 

Blasting  Powder — (two  grades),  "A"  Blasting— 6  granulation  sizes, 
"B"  Blasting — 8  granulation  sizes. 


FiRK  Works  Powdsr — (four  grades),  "A"  or  "A"  Dust,  Fine  Meal, 
Coarse  Meal  (or  Meal  D)  and  "A"  Special. 

Squib  Powders — (two  grades),  FFFG,  Special. 
Black  Sporting  Powders. 
SUOKBI.SSS  Sporting  Powders. 

BLASTING  SUPPLIES 

Safbty  Push— Cotton.  Single  Tape,  Double  Tape,  Triple  Tape, 
Beaver,  Charter  Oak,  Clover,  Anchor,  Crescent,  Reliable. 

Blasting  Caps — (Detonators),  No.  6,  No.  8. 

Electric  Blasting  Caps — (Detonators),  No.  6,  No.  8, 

Delay  Electric  Blasting  Caps — For  5  different  delays. 

Delay  Electric  Igniters — For  5  different  delays. 

Powell  Squibs — Rocket  No.  1,  Gas  No.  2,  Superior  Safety  Gas. 

D.  AND  B.  Squibs— No.  1,  No.  2,  No.  3. 

Blue  Label  and  Red  Cross  Squibs — Sulphur,  Gas. 

Electric  Squibs — 5  lengths  of  copper  wire,  3  lengths  of  iron  wire. 

CoRDSAu-BicKFORD — No,  6  plain.  No.  6  countered,  also,  Cordeau 
Slitters,  Cordeau  Crimpers,  Straight  Unions,  Special  Unions,  Couplings. 

Cap  Crimpers — No.  4,  groove  crimp;  No.  5,  broad  jaw  crimp. 

Cap  Carriers — For  holding  blasting  caps. 

LsADiNC  Wire— No.  14  B.  &  S.  Gauge,  Single,  Duplex. 

Connecting  Wire— No.  20  and  No.  21  B.  &  S.  Gauge,  1  lb.  spools, 
2  lb.  spools. 

Blasting  Machines— No.  0,  No.  1,  No.  2,  No.  3,  No.  5  and  No.  6; 
also  Mason  Turbine. 

SuRESHOT  Blasting  Shells^3  standard  sizes  (other  sizes  to  order). 

Tamping  Bags — Nine  sizes. 

Blasting  Paper — Supplied  in  rolls. 

Kapsbal — 1  lb.  tin  cans. 

RHEosTAT^Capacity  5  to  150  electric  blasting  caps. 

Galvanometer — For  testing  blasting  circuits. 

Thawing  Kettles— No.  1  (cap.  30  lbs.);  No.  2  (cap.  60  lbs.). 

Storage  Magazines- Portable  Dynamite  Magazine  No.  63  (three 
sizes).  Portable  Iron  Powder  Magazine  No.  31  (six  sizes).  Storage 
Magazine  (10  sizes). 


METHODS  OF  PACKING  HIGH  EXPLOSIVES 

All  Atlas  Dynamites  except  R.  R.  P.  are  packed  in  cylindrical  con- 
tainers, called  shells,  made  of  parafline  paper.  Cartridge  shells  of  ex- 
plosives to  be  used  in  very  wet  work  are  given  an  extra  water-rensting 
coating. 

Any  standard  size  cartridge  can  be  furnished,  but  the  size  most 
commonly  used  is  134"  *  8",  excepting  four-  and  five-inch  diameters  for 
well -drill  holes. 

Transportation  regulations  do  not  permit  the  shipment  of  dynamite 
containing  more  than  10%  of  Nitroglycerin  in  cartridges  larger  than 
5  inches  in  diameter  and  8  inches  in  length.  If  longer  ones  are  de- 
sired two  or  more  are  enclosed  in  another  shell.  Gelatin  containing 
more  than  10%  may  be  shipped  in  cartridges  longer  than  8  inches 
in  length. 

Atlas  R.  R.  P.  is  put  up  in  bags  containing  12?  2  pounds  each,  and 
shipped  in  cases  holding  4  bags,  or  50  pounds.  Atlas  F  and  Ammite 
grades  may  also  be  packed  in  bags  containing  12)  2  pounds. 

There  are  five  different  methods  of  packing  Atlas  Dynamite  explo- 
sives for  shipment.  Each  order  should  specify  the  kind  of  packing 
desired. 

Case  1.  Contains  50  pounds  (net)  of  explosives  in  cartridges  or 
in  4-12'^  pound  bags  of  R.  R.  P.,  F  or  Ammite. 

Case  2.  Contains  50  pounds  (net)  of  explosives,  in  cartridges 
packed  in  4-12j^  pound  cartons,  5-10  pound  cartons  or 
10-5  pound  cartons. 

Case  3.  Contains  25  pounds  (net)  of  explosives  in  cartridges. 

Case  4.  Contains  25  pounds  (net)  of  explosives  in  cartridges, 
packed  in  2-123^  pound  cartons,  4-6J4  pound  cartons  or 
5-5  pound  cartons. 

Case  5.  Contains  10  pounds  (net)  of  explosives  in  cartridges. 

All  cases  are  wood,  made  of  seasoned  lumber  and  comply  in  every 
way  to  the  specifications  of  the  American  Railway  Association  and  the 
Interstate  Commerce  Commission. 

Note:  While  all  Atlas  Dynamites  are  packed  in  one  or  more  of  these 
methods,  not  every  grade  is  packed  in  all  five  ways. 
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Nitroglycerin  Dynamite 

25%  to  60%  Strength 
LOW  FREEZING 

NITROGLYCERIN  or  "Straight"  Dynamite  is  a  powerful,  quick- 
acting  high  explosive.  Compared  grade  for  grade  with  other 
kinds  of  explosives,  it  acts  with  greater  speed. 
It  will  shatter  and  splinter  and  should,  therefore,  be  used  wherever 
this  result  Is  desired.  It  is  very  effective  for  blasting  boulders  by  mud- 
capping,  for  breaking  old  machinery  and  castings,  and  for  "shooting" 
ditches  in  wet  ground.  It  will  partially  resist  water,  but  if  permitted  to 
remain  in  a  wet  place  for  any  great  length  of  time,  will  lose  a  part  of 
its  strength.  The  fumes  given  off  on  detonation  by  grades  weaker  than 
50%  are  unobjectionable  even  when  the  work  is  not  well  ventilated. 

Nitroglycerin  Dynamite  is  sometimes  called  the  original  dyna- 
mite, as  the  first  form  of  this  explosive  was  a  crude  combination  of 
nitroglycerin  and  a  spongy-like  earth,  that  possessed  great  absorbent 
qualities. 

Great  improvements  have  been  made  since  in  the  manufacture  of 
the  original  form  of  nitroglycerin  dynamite.     The  absorbent  earth  has 
given  way  to  other  elements,  and  chemicals  that  make  the  explosive 
more  efficient,  are  now  employed  in  place  of  the  absorbent  earth. 
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Extra  Dynamite 

15%  to  60%  Strength 
LOW  FREEZING 

This  is  one  of  the  most  serviceable  all-around  explosives  manu- 
factured. In  Extra  Dynamite,  ammonium  nitrate  partly  takes  the 
place  of  nitroglycerin.  While  the  strength  of  the  ammonium  nitrate 
dynamite  is  equal  to  that  of  the  corresponding  grade  of  nitroglycerin 
dynamite,  the  speed  of  detonation  is  slower.  This  produces  more  of  a 
heaving  and  rending  than  a  shattering  effect. 

Extra  Dynamite  is  one  of  the  safest  explosives  to  handle  and  use. 
It  requires  a  severe  shock  to  detonate  it.  Consequently,  the  risk  from 
accidental  explosion  is  slight. 

When  detonated  the  fumes  given  off  are  not  sufficient  to  prove 
objectionable  or  obnoxious  except  in  improperly  ventilated  mines. 

It  is  well  adapted  to  quarry  and  construction  work,  highway  and 
railroad  blasting,  and  to  mining  operations.  It  will  give  good  results 
wherever  conditions  are  not  very  wet. 

The  development  of  Low  Freezing  Extra  Dynamite  was  an  important 
step  in  the  progress  of  the  explosive  industry,  for  this  explosive  p 
many  advantages  over  nitroglycerin  dynamite. 


Gelatin  Dynamite 

25%  to  80%  Strength 
LOW  FREEZING 
Packed  in  white  paper  cartridge  shells 
Gelatin  Dynamite  is  very  dense  and  plastic.    Having  less  bulk  than 
other  explosives  of  the  dynamite  class,  it  will  give  the  same  results  as  a 
larger  quantity  of  a  more  bulky  explosive.     It  may  remain  in  water  for 
several  hours  without  losing  its  strength.    It  is  suitable  for  tunnel  opera- 
tions, shaft  sinking,  submarine  excavation,  and  blasting  in  mines  and 
quarries  where  absence  of  fumes  and  water-resisting  qualities  are  impor- 
tant.  Practically  no  obnoxious  fiimcs  are  produced  by  Gelatin  EJynamite 
of  less  than  B0%  strength,  an  important  feature  in  most  underground  work. 
Bang  plastic  it  can  be  loaded  readily  in  upward,  pitching  or  irregularly 
shaped  bore  holes. 

Extra  Gelatin  Dynamite 

40%  to  90%  strength 

LOW  FREEZING 

Packed  in  white  paper  cartridge  shells 

This  explosive  has  the  same  general  features  as  Gelatin  Dynamite. 

As  in  the  case  of  Atlas  Extra  Dynamite,  ammonium  nitrate  takes,  the 

place  of  a  part  of  the  nitroglycerin  used  in  Gelatin  Dynamite. 


Blasting  Gelatin 

100%  strength 
LOW  FREEZING 

This  is  the  most  powerful  (commercial)  blasting  explosive.  It  is 
slightly  stronger  than  Nitroglycerin  and  might  be  graded  as  somewhat 
more  than  100%.    In  substance  it  is  like  a  very  tough  jelly. 

Its  water  resisting  qualities  are  excellent.  It  will  retain  its  strength 
while  under  water  for  many  hours.  Owing  to  the  tough  elastic  nature  of 
the  explosive,  cartridges  of  considerably  smaller  diameter  than  the  diam- 
eter of  the  bore  hole  should  be  used,  so  that  they  will  not  jam.  The 
bottom  of  the  tamping  stick  should  be  of  greater  diameter  than  the  car- 
tridge, so  as  to  avoid  the  possibility  of  the  stick  pushing  through  the  end 
of  the  cartridge. 

As  a  rule  not  more  than  one-fourth  to  one-half  of  the  full  charge  is 
made  with  this  explosive,  the  remainder  of  the  charge  being  composed 
of  a  weaker  explosive.  Blasting  Gelatin  should  be  used  in  small  quan- 
tities until  the  user  becomes  familiar  with  its  great  power. 

Blasting  Gelatin  is  used  in  the  backs  or  bottoms  of  "cut"  holes  in 
tunnels;  in  bottoms  of  quarry  holes  where  the  rock  is  very  hard  and  in 
submarine  blasting. 
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Oil  Well  Explosive 

100?;,  StreilBth 
LOW  FREEZING 
As  liquid  nitroglycerin  is  extremely  hazardous  to  use,  we  perfected 
the  explosive  known  as  Oil  Well  Explosive.  This  explosive  is  safer  than 
liquid  nitroglycerin,  and  is  accepted  by  railroads  for  transportation.  It  is 
used  for  the  same  purpose  as  nitroglycerin.  Supplied  in  cartridges  2"  x  8" 
and  4"  x  5.4"  packed  in  wooden  cases,  each  case  holding  a  quantity  equal 
in  strength  to  10  quarts  of  liquid  nitroglycerin.  It  is  sold  by  the  "quart," 
not  by  the  pound,  2.85  pounds  are  equivalent  in  strength  to  a  quart 
of  liquid  nitroglycerin.  It  is  a  100%  explosive.  Nothing  weaker  than 
an  Atlas  No.  S  blasting  cap  should  be  used  to  detonate  it. 

Oil  Well  Explosive  No.  2 

S0%  strength 
LOW  FREEZING 
Oil  Well  Explosive  No.  2,  80%  strength,  is  similar  to  Oil  Well 
Explosive  100%  strength  except  in  strength  and  manner  of  packing. 
This  explosive  is  packed  one  25  lb.  block  to  the  case  or  one  50  lb.  block 
to  the  case.  It  also  is  packed  in  cases  marked  10  quarts,  weighing  33.7 
lbs.,  and  in  cases  marked  15  quarts,  weighing  50.55  lbs. 


Coalite 

A  P«nnisub1e  Explosive 

Made  in  10  Grades 

Packed  in  white  paper  cartridge  shells 

These  explosives  have  been  approved  after  official  tests,  by  the 
United  States  Govemment  Bureau  of  Mines.  If  used  in  accordance 
with  the  Bureau  of  Mines  regulations,  they  will  not  ignite  the  explosive 
dust  or  gases  found  in  coal  mines. 

Some  coal  can  be  broken  best  with  a  dense  explosive.  Other  coal 
must  have  a  bulky  explosive.  Some  coal  cannot  be  broken  except  with 
a  very  strong  explosive,  while  with  certain  other  kinds  of  coal  a  strong 
explosive  merely  shatters  and  blows  out  a  "pot  hole." 

Some  coal  is  broken  most  effectively  with  a  slow  acting  explosive, 
while  other  coal  can  be  mined  much  better  when  a  quicker  acting  one 
is  used. 

All  of  these  requirements  are  met  by  the  various  grades  of  Coalite. 
There  are  grades  that  are  quick,  that  are  slow,  that  are  strong,  that  are 
weak,  that  are  dense  and  that  are  bulky. 


TABLE  SHOWING  RELATIVE  PROPERTY  VALUES 
OF  VARIOUS  GRADES  OF  COALITE 


Coalite  A  L.  F. 

^veiy  strong 

—quick  acting 

—bulky 

Coelite  B  L.  F. 

—strong 

—quick  acting 

— very  bulky 

Coalite  C  L.  F. 

—strong 

—quick  acting 

— moderately  bulky 

Coalite  D  L.  F. 

—quick  acting 

—very  bulky 

Coalite  E  L.  F. 

— strong 

—slow  acting 

— moderately  bulky 

Coalite  F  L.  F. 

—relatively  weak 

Coalite  G  L.  F. 

—strong 

—slow  acting 

—very  bulky 

Coalite  H  L.  F. 

— moderately  strong — slow  acting 

—dense 

Coalite  No.  4  L.  F 

.  —relatively  weak 

— slow  acting 

-very  bulky 

Coalite  LN 

— moderately  strong— quick  acting 

— dense 

Coalites  E,  F  and  H,  are  ideal  explosives  for  soft  bituminous  coal 
mines,  where  the  coal  is  easily  broken  and  where  blasting  powder  of 
coarse  granulations  has  been  used. 

Coalites  A,  C,  D,  and  G  are  particularly  adapted  to  anthracite  and 
the  harder  bituminous  coal. 

Coalite  B  ranks  between  these  two  groups. 

Coalite  LN  is  a  non-freezing,  relatively  strong,  dense  and  quick 
acting  permissible  explosive. 

In  addition  to  their  properties  of  strength,  velocity  and  density, 
all  Coalites  will  resist  considerable  dampness  and  moisture  without  any 
appreciable  damage.  Even  those  that  may  freeze  are  unaffected  by  low 
temperatures  (except,  of  course,  exposure  to  severe  cold)  and  they  do  not 
give  off  any  harmful  or  objectionable  fumes.  All  of  these  explosives, 
except  Coalite  LN,  however,  will  do  better  work  when  warm  than  when 
chilled. 

Representatives  who  are  thoroughly  experienced  in  the  use  of 
explosives  in  all  classes  of  coal  mining  will,  upon  the  request  to  our 
Service  Division,  gladly  consult  with  you  about  your  mining  problems. 


Low  Powders 

5%  to  209c  Strength 
LOW  FREEZING 
There  are  four  grades. 

R.  R.  P.— slow  acting— 5%  strength. 

F — a  little  faster — 10%  strength. 

FF— still  faster — 15%  strength. 

FFF^ — fastest  and  strongest  of  the  series^20%  strength. 

These  four  grades  arc  called  Low  Powders,  although  strictly  speak- 
ing they  are  explosives  of  the  . 
dynamite  class  because  they     ■' 
must  be  detonated. 

The  "F"  powders  are  suit- 
able for  blasting  where  a 
strong  or  quick  explosive 
would  be  too  violent. 

R.  R.  P.  may  be  classed 
in  point  of  strength  between 
explosives  of  the  dynamite 
class  and  blasting  powder. 
It  is  adapted  to  conditions 
where  blasting  powder  would 


not  be  strong  enough  nor  quick  enough  to  do  the  work;  and  where 
the  material  is  not  too  tough.  It  will  work  well  in  railroad  cuts;  in 
stripping  the  overburden  from  mining  material  and  in  quarries. 

For  the  three  higher  grades  a  No.  6  blasting  cap  or  a  No.  6  electric 
blasting  cap  should  be  used  for  detonation.  When  detonating  R.  R.  P. 
the  cap  should  not  be  placed  in  the  charge  itself.  A  primer  of  dynamite, 
40%  or  stronger,  should  be  used, 

R.  R.  P.  is  granular  in  fonn  and  packed  in  123^  pound  paraffined 
paper  bags,  4  bags,  50  pounds,  to  the  case. 

The  "F"  grades  are  packed  in  cartridges  of  standard  size  and 
shipped  in  50  pound  cases. 

A  12^  pound  bag  of  R.  R.  P.  is  considered  equal  in  actual  strength 
to  a  25-pound  keg  of  blasting  powder. 

Quarry  Powders 

LOW  FREEZING 
Though    known   as    Quarry    Powders,    these    explosives    are    of 
the   high   explosive   or  dynamite  class,  and  must  be  detonated  with 
a   blasting  cap. 

These  have  been  pro- 
duced to  meet  special  con- 
ditions that  may  exist  in 
quarry  work.  There  are  three 
explosives  in  this  group  as 
follows: 

Quarry  Special  No.  2  L.F. 
—Very  bulky,  strong,  slow 
acting. 

Quarry  Powder  L.  F. — 
Not    as    strong    as    Quarry 
Special  No.  2  L.  F.,  but  it  is 
much  more  dense  and  is  considerably  quicker  acting. 

Quarry  Extra  L.  F.— Has  same  density  as,  but  is  slightly  weaker 
than,  Quarry  Powder  L.  F.,  about  as  quick  acting  as  Quarry  Special 
No.  2  L.  F. 

These  dynamites  rank  relatively  high  in  their  ability  to  resist 
moisture. 
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Atlas  Ammite 

Made  in  6  Gradea 
NON-FREEZING 

This  explosive  does  not — cannot  freeze.  The  coldest  temperatures 
do  not  affect  it.  This  eliminates  the  necessity  of  thawing.  Further- 
more, this  explosive  possesses  other  qualities  that  are  equally  important: 

Atlas  Ammite  is  not  highly  inflammable  like  some  dynamites.  It 
may  be  kept  for  an  indefinite  time  if  stored  in  a  proper  storage  maga- 
zine. Age^  has  no  harmful  effect  on  it.  Atlas  Ammite  is  made  in  6  grades 
as  follows: 

75%,  60%,  50%,  40%,  35%  and  30%. 

Atlas  Ammite  is  quick  acting,  somewhat  bulkier  than  Nitroglycerin 
Dynamite  and  Extra  Dynamite  and  equal  in  water  resistance  to  Extra 
Dynamite. 

There  are  sufficient  strengths  to  meet  practically  all  blasting  re- 
quirements. It  is  equally  effective  in  mine  or  quarry,  clay  pit  or  stripping 
— above  or  below  ground. 


Men  with  expert  knowledge  of  explosives  and  their  uses  will,  on  a 
request  to  our  Service  Division,  help  you  determine  what  grade  of  Atlas 
Ammite  is  exactly  suited  to  your  blasting. 


Atlas  Farm  Powder 

LOW  FREEZING 


This  powder  was  developed  by  the  Atlas  Powder  Company  especially 
for  use  on  the  farm.  It  is  an  approved  form  of  dynamite,  with  just  the 
right  properties  to  do  the  work  the  farmer  requires  of  an  explosive. 

It  is  most  effective  for  the  removal  of  stumps  and  boulders,  for 
breaking  up  the  subsoil,  preparing  beds  for  trees,  blasting  ditches  smd 
post  holes  and  for  many  other  kinds  of  work  on  the  farm.  Atlas  Farm 
Powder  will  do  this  work  better  than  ordinary  dynamite,  and  more 
economically.  It  is  not  easily  affected  by  cold,  seldom  if  ever  requires 
thawing  and  it  is  safe  to  handle,  store  and  use. 

A  184  page,  illustrated  book,  "Better  Farming  with  Atlas  Farm 
Powder,"  has  been  issued.  It  describes  in  detail  the  many  ways  in  which 
Atlas  Fann  Powder  may  be  used.  A  copy  of  this  book  will  be  sent 
upon  request.  

Atlas  Farm  Powder  is  used  with  excellent  success  in  road  work, 
clay  pits,  and  other  forms  of  earth  excavation. 


Atlas  Non-freezing  Farm  Powder 

NON-PRBBZING 

This  Fann  Powder  does  not— cannot  freeze.  Aside  from  mailing 
thawing  unnecessary,  this  explosive  has  these  advantages:  Not  highly 
inflammable  like  some  dynamites.  May  be  kept  for  an  indefinite  time 
if  stored  in  a  proper  storage  magazine. 

Atlas  Non-freezing  Farm  Powder  is  moderately  quick  acting, 
somewhat  bulkier  than  Nitn^lyccrin  Dynamite  and  Extra  Dynamite 
and  equal  in  water  resistance  to  Extra  Dynamite. 

Atlas  Stumping  Spe- 
cial No.  2  L.  F. 

LOW  FREEZING 
An  explosive  made  to  meet 
special  conditions  in  stump 
shooting.  It  is  very  bulky, 
strong  and  slow  acting — an 
ideal  explosive  for  giving  the 
slow,  heaving,  powerful 
action  required  in  removing 
firmly  rooted  stumps. 


Atlas  Blasting  Powder 

There  are  two  kinds: 

"A"  Blasting  "B"  Blastinq 

(6  granulations.)  (8  granulations.) 

All  granulations  have  the  same  strength,  the  difference  in  size 
determining  the  difference  in  action.  The  finer  the  grain  the  speedier 
the  action.  The  finer  granulations,  therefore,  shatter  more  than  the 
coarser  ones. 

Blasting  powder  is  granular  in  form.    Color  black. 

"B"  grade  is  made  of  charcoal,  sulphur  and  sodium  nitrate. 

"A"  grade  is  composed  of  charcoal,  sulphur  and  potassium  nitrate. 
"A"  Blasting  Powder  is  somewhat  more  dense  and  shows  a  slightly 
better  resistance  to  moisture.  The  grains  of  both  "A"  and  "B"  blasting 
powder  are  glazed  over  with  graphite. 

The  smooth  surface  thus  obtained  causes  the  powder  to  flow  freely 
and  pack  tightly  in  the  bore  holes. 

Because  of  its  lower  cost  "B"  Blasting  Powder  is  used  more  exten- 
sively than  "A"  Blasting  Powder. 
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The  coarsest   granulation  of  "B"  Blasting  Powder   is  CCC    and   the 

finest   is  FFFF.    The  coarsest  granulation  of  "A"  Blasting  Powder  is 

C  and  the  finest  is  A  Dust. 


Standard  granulations  of  "B"  Blasting  compare  in  size  with  the 
standard  granulation  of  "A"  Blasting  Powder  as  follows: 


■B-  BLASTING  POWDER    |    "A"  BLASTINQ  POWDER 

Stand.  1— CCC 

Stand.  2— CC 

Stand.  3— C 

Stand.  4— F 

Stand.  1—C 

Stand.  5— FF 

Stand.  3— FP 

Stand.  6— FFF 

Stand.  7--FFFF 

Stand.  7— FFFF 

Stand.  8— 5F 

Stand.  10— 7F 

Stand.  57  R.  R.  consitti 
ofSt«id.  5.  6and7 

Stand,  n— A  Durt 

Packed  in  sheet  steel  kegs,  25  pounds  in  a  keg. 

Squib  Powder 

Squib  powder  is  furnished  in  two  grades:  FFFG  and  SPECIAL. 


Sporting  Powders  and  Fireworks  Powders 

The  Atlas  Powder  Company  furnishes  Black  and  Smokeless  Sport- 
ing Powders,  also  Fireworks  Powders. 


ATLAS  BLASTING  SUPPLIES 

Safety  Fuse 

SAFETY  Fuse  is  used   for  exploding    blasting   powder   and   for 
detonating  blasting  caps.     It  consists  of  a  core  of  fine-grained 
powder  wrapped  in  several  different  kinds  of  material  varying 
with  the  brand  of  fuse.     The  several  different  kinds  of  fuse  may  be 
grouped  into  three  general  classes — 
1— For  dry  work. 
2 — For  damp  work, 
3 — For  wet  and  under  water  work. 


The  list  of  brands  is  as  follows: — 
BRAND  USE 

Cotton Dry  work  only. 

Single  Tape Damp  work. 

Double  Tape Wet  work. 

Triple  Tape .Veiy  wet  work  where  exposed  to  rough  treatment 

under  water. 

Beaver Damp  work.    Suitable  for  moat  agricultural  blasting. 

Double  countered. 

Charter  Oak Wet   work.      A   very   good   general    purpose   fuse. 

Triple  countered. 

Clover Wet  work  or  under  water.    Waterproof  coating  pro- 
tected by  a  paper  tape.    Double  countered. 

Anchor  and  Crescent.  . .  .Very  wet  work  or  under  water.     Standard  mining 
fuse.   Taped  and  double  countered. 

Reliable Wet  work.    A  pliable  fuse.    The  gutta-percha  cover- 
ing is  not  protected  with  a  tape.  Double  countered. 

Note:     Cotton  fuse  is  too  small  in  diameter  to  properly  fit  the 
standard  blasting  cap,  and  should  be  used  only  to  fire  blasting  powder 
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Each  roll  of  fuse  contains  two  50-foot  sections,  one  within  the 
other.  Fuse  is  packed  for  shipment  in  wooden  cases  of  various  sizes, 
containing  the  following  lengths : 

500  feet  1000  feet  2000  feet  3000  feet 

4000  feet  ■  5000  feet  6000  feet 


The  average  burning  speed  of  fuse  when  fired  in  the  open  is  90  seconds 
per  yard,  30  seconds  per  foot  (except  Charter  Oak  and  Clover  brands 
which  have  an  average  burning  speed  of  40  seconds  per  foot).  Any  fuse 
may  bum  10%  faster  or  10%  slower.    This  is  a  usual  variation. 

The  burning  speed  of  some  fuse  if  under  pressure  of  an  exceptionally 
solid  tamping  may  increase  more  or  less  according  to  conditions. 

When  safety  fuse  is  used  to  fire  a  round  of  shots  in  sequence  or 
rotation,  the  arrangement  to  fire  the  different  sets  of  holes  at  different 
intervals  of  time  is  a  very  simple  one.  The  fuse  for  the  first  round  is 
cut  the  shortest,  but  long  enough  to  give  time  for  the  shot-firer  to  light 
the  other  rounds  and  then  reach  a  place  of  safety.  The  fuse  for  the 
next  round  to  be  fired  is  cut  several  inches  longer  and  for  the  remain- 
ing rounds  a  length  that  will  fire  at  the  proper  interval  of  time. 

Detonators 

There  are  two  distinct  kinds  of  detonators:  Blasting  caps,  exploded 
by  burning  fuse,  and  electric  blasting  caps,  exploded  by  an  electric  cur- 
rent. They  are  similar  in  that  each  is  a  cylindrical  copper  tube  containing 
a  powerful  explosive  (usually  fulminate  of  mercury) .  The  blasting  cap  has 
one  end  open,  into  which  the  blaster  inserts  fuse  to  fire.  The  electric  blast- 
ing cap  has  both  ends  closed,  but  sealed  into  one  end  are  two  wires, 
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the  ends  of  which  are  connected  by  a  "bridge"  and  embedded  in  the 
explosive  charge.  The  current  of  electricity  heats  this  bridge  and  fires 
the  detonator. 

Blasting  caps  and  electric  blasting  caps  are  made  in  two  strengths, 
No.  6  and  No.  8.  The  amount  of  explodve  charge  in  electric  blasting 
cai>s  is  the  same  as  in  the  corresponding  grade  of  blasting  caps. 

As  blasting  caps  and  electric  blasting  caps  differ  in  other  respects, 
they  are  listed  separately. 


Blasting  Caps 


DIMENSIONS  OF  BLASTING  CAPS 


Length  of  shell 

Outside  diameter  of  shell . . . 
Weight  of  eiploaive  charge. . 


No.  6  and  No.  8  blasting  caps  are  supplied  in  tin  boxes  as  follows: 
10  in  oval  box,  25  in  an  oblong  box,  100  in  a  round  or  oblong  box. 


For  shipping,  boxes  arc  packed  in  cartons  and  enclosed  in  heavy 
wooden  cases. 

CAPACITY  OF  SHIPPING  CASES 


Kind  and  Grade 

Gate  No. 

Quantity 

NetWt. 

Grora  Wt. 

AtlMNo.  6 

0 
1 

500 
1000 

2!^  lbs. 

5H  " 

,«.b.. 

2 

2000 

IIM" 

19       ■' 

5 

5000 

2&H  " 

37       " 

Atlas  No.8 

0 

SOO 

4       " 

8      lbs. 

1 

1000 

8H  " 

14       " 

2 

2000 

24       " 

S 

5000 

42H  " 

58       " 

Electric  Blasting  Caps 
There  are  two  kinds  of  electric  blasting  caps: 

1.  Electric  Blasting  Caps  (Instantaneous). 

2.  Delay  Electric  Blasting  Caps. 

Electric  blasting  caps  are  supplied  with  tin  covered, 
copper  or  iron  wires,  having  black  or  white  insulation, 
in  lengths  in  multiples  of  2,  from  4  feet  up  to  20  feet. 
Longer  lengths  are  made  to  order.  Iron  wires  are  supplied 
to  reduce  the  cost  to  the  user;  it  requires  five  to  six  times 
the  voltage  to  fire  iron  wire  electric  blasting  caps  as  those 
with  copper  wire  of  the  same  length. 

Not  only  the  cap  itself  but  the  wires  must  be  handled 
carefully.  The  wires  must  not  be  sharply  bent  or  twisted 
at  the  point  of  entering  the  cap.  Before  joining  the  ends 
of  wires  to  other  wires  they  should  be  scraped  to  insure 
perfect  contact.  While  the  wires  have  a  water  resisting 
covering,  in  deep  water  or  in  any  wet  material  where  they 
S*Hw?HK°fiMh  *"*  under  pressure,  the  electric  current  may  leak.  To 
miueh'^Hi'of'ni    Overcome  this  possibility,  a  surplus  of  current  should  be 


AtU«  Electric  BluUni  Cap*  and  CartoB 
DIMENSIONS  OP  ELECTRIC  BLASTINO  CAPS 


Electric  blasting  caps  are  supplied  in  pasteboard  cartons,  each  con- 
taining 20  to  50,  according  to  the  length  of  the  wires. 

CAPACITY  OF  CARTONS 

3  to  12  ft.  wire*— 50  to  carton  14  to  26  ft.  wires— 25  to  carton 

28  to  40  ft.  wires — 20  to  carton 


Atlai  Watsproor  Electric  Blaatlna  Cap*  and  Carton 

Waterproof  Electric  Blasting  Caps 
For  submarine  and  any  other  very  wet  work,  the  caps  and  wire  are 
ide  with  special  waterproofing. 
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Delay  Electric  Blasting  Caps 

Delay  electric  blasting  caps  are  constructed  so  that  they  will  fire 
as  many  as  six  sets  of  shots  in  a  "round."  This  is  all  that  is  required  in 
many  different  blasting  operations.  The  instantaneous  cap  should  be 
placed  in  the  center -cut  holes;  the  First  Delay  in  the  relief  or  rib-holes; 
the  Second  Delay  in  the  top  or  "lifter"  holes;  and  so  on.  All  are  fired 
by  one  application  of  the  electric  current. 

The  various  delays  of  Atlas  Delay  Electric  Blasting  Caps  arc  dis- 
tinguished as  follows:  First  Delay,  white  wires  and  tagged  Ist;  Second 
Delay,  blue  wires  and  tagged  2nd ;  Third  Delay,  red  wires  and  tagged 
3rd;  Fourth  Delay,  green  wires  and  tagged  4th;  Fifth  Delay,  yellow 
wires  and  tagged  5th. 


Atlu  Delay  Electric  Blutlni  Cap*  (five  difTenDt  delayil  and  CartoD 

Delay  electric  blasting  caps  are  supplied  in  pasteboard  cartons, 
containing  15  to  50  according  to  the  length  of  the  wires.  Cartons  are 
packed  in  heavy  wooden  cases. 

On  the  diagram  shown  on  page  19  suggestions  are  given  for  arranging 
shots  in  tunnel  or  shaft  blasting.  Special  suggestions  for  arranging  the 
holes  for  either  of  these  purposes  will  be  supplied  by  our  Service 
Division.    (See  chapter  VII  on  "Service,"  pages  109  and  110.) 

The  advantages  of  using  delay  electric  blasting  caps  may  be 
summed  up  briefly  as  follows: 

1.  The  material  to  be  blasted  can  be  brought  down  in  sections  with 
but  one  application  of  the  electric  current  and  without  having  to  return 
to  the  face  several  times  to  make  connections. 
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2.  The  blasting  of  each  section  makes  way  for  the  next  section  to 
be  broken  out. 

3.  The  danger  of  damage  to  nearby  structures,  such  as  timbered 
work,  is  materially  lessened  when  the  round  is  fired  in  successive  intervals 
instead  of  being  hred  all  at  once. 


AU»  Delay  Blectric  Isniteri  (five  diRcrent  ddayi)  and  Cwton  in  wbich  Ihay  ure  packed 

Delay  Electric  Igniters 

These  are  cylindrical  copper  tubes,  in  one  end  of  which  electric 
wires  are  placed.  In  the  other  end  is  a  short  piece  of  fuse.  For  the 
detonation  of  a  high  explosive,  a  blasting  cap  must  be  crimped  to  the  end 
of  the  fuse.    (If  used  in  blasting  powder,  the  blasting  cap  is  not  needed.) 

As  many  as  six  shots  may  be  fired  with  one  application  of  the  electric 
current.    The  length  of  the  fuse  varies  according  to  the  intervals  desired: 


No.  OP  Delay 

Lenoth  of  Fusb 

1st  Delay 

214  Inches 

2nd  Delay 

^'A      " 

3rd  Delay 

6'A      " 

4th  Delay 

e'A     " 

Sth  Delay 

iO'A    " 

When  priming,  an  electric  squib  is  used  in  the  charge  that  is  to 
explode  first,  if  the  explosive  is  blasting  powder.  When  the  explosive  is 
dynamite  and  blasting  caps  are  crimped  to  the  igniters,  the  first  shot  of 
the  series  is  primed  with  a  regular  instantaneous  electric  blasting  cap. 

Caution: — Use  only  one  make  of  electric  blasting  caps  or  igniters 
in  any  one  round  of  shots. 


Miners*  Squibs 
The  several  varieties  of  miners'  squibs  are  alike  in  general  form. 
Each  one  is  a  small  paper  tube,  made  tapering  in  shape.  It  contains  a 
charge  of  fine-grained  black  powder.  One  end  of  the  paper  wrapping  is 
treated  with  chemicals  so  that  it  will  ignite  easily  but  will  bum  slowly. 
This  forms  what  is  known  as  a  "slow  match."  The  slow  burning  of  this 
match  allows  sufHdent  time  for  the  miner  to  reach  a  place  of  safety. 

BLUE  LABEL  AND  RED  CROSS  SQUIBS 

Sulphur  Squibs,  Gas  Squibs  • 

Packed  100  to  the  box,  100  boxes— 10,000  squibs — to  the  case. 

The  special  features  of  these  squibs  are:  The  length  of  the  slow 
match,  which  provides  sufficient  time  for  the  operator  to  get  outside 
the  zone  of  danger;  the  slow  match  is  arranged  so  that  it  may  be 
ignited  without  unrolling  thereby  saving  time  and  labor;  and  the  squib 
is  formed  so  that  it  is  impossible  for  any  of  the  explosive  to  get  into 
the  slow  match. 

D.  and  B.  SQUIBS 

Packed  100  to  the  box,  100  boxes  to  the  case,  50  boxes  to  the  half  case. 

No.  1 — This  can  be  used  in  mines  where  gas  is  not  present  in  danger- 
ous quantities.  The  slow  match  makes  a  small  flame  when  it  bums. 
The  boxes  bear  yellow  labels. 

No.  2 — Similar  to  No.  1  described  above,  but  is  made  especially 
for  the  deep  pitching  veins  of  the  anthracite  coal  fields. 

No.  3— The  slow  match  does  not  bum  with  a  flame.  It  makes 
only  an  ember  in  burning  and  will  not  ignite  gas.  For  convenience  in 
igniting  the  slow  match  touch  paper  is  provided. 

POWELL  SQUIBS 

Packed  100  to  the  box,  100  boxes  to  the  case. 

Rocket  No.  1 — This  can  be  used  in  mines  where  gas  is  not  present 
in  dangerous  quantities.  The  slow  match  makes  a  small  flame  when 
it  bums.    The  boxes  in  which  these  squibs  arc  packed  have  yellow  labels. 


Gas  No.  2 — For  use  in  a  gassy  mine.  This  slow  match  does  not 
bum  with  a  flame.  It  makes  only  an  ember  in  burning,  and  will  not 
ignite  gas.  For  convenience  in  igniting  the  slow  match  prepared  paper 
is  provided.    It  is  called  "touch  paper."    The  boxes  have  red  labels. 

Superior  Safety  Gas  Squibs — This  is  practically  the  same  as  the 
Powell  Gas  Squib  No.  2  with  an  important  improvement.  At  the  point 
where  the  slow  match  connects  with  the  squib  itself  there  is  a  special 
device  which  makes  it  impossible  for  any  of  the  explosive  to  be  in  the 
slow  match  itself.    These  boxes  also  have  red  labels. 


Atlu  Electric  Squibi  and  Caitoo 

Electric  Squibs 
Packed  50  to  the  carton,  10  cartons  to  the  case. 
The  electric  squib  is  equipped  with  either  copper  or  iron  wire  and 
is  for  use  with  blasting  powder  only. 

The  wire  lengths  supplied  are: 

Copper:  4,  6,  8,  10  and  12  feet. 
Iron:  4,  6  and  8  feet. 

The  iron  wire  electric  squibs  cost  less  than  the  copper  wire  but 
a  higher  voltage  is  required  to  fire  them. 


The  electric  squib  is  similar  in  appearance  to  the  electric  blasting 
cap,  except  that  its  shell  is  made  of  paper  instead  of  copper.  One  end 
of  the  paper  shell  is  closed  by  a  small  cork  to 
protect  the  contents.  The  electric  squib,  when 
fired,  shoots  out  a  small  flame.  It  is  delicately 
made  and  requires  careful  handling. 

The  use  of  the  electric  squib  offers  sev- 
eral advantages:  The  firing  is  done  by  elec- 
tric current,  enabling  all  operators  to  be  out- 
side the  danger  zone  when  the  chaise  is 
fired;  it  can  be  placed  at  or  near  the  centre 
of  the  chaige,  which  will  produce  far  better 
results  than  when  the  end  of  the  chaise  is 
Au  Atiu  Bieetric  BiiMios  Cap*    ignited,  as  when  fuse  is  used ;  it  can  be  oper- 

■R  nibjectcd  to  Im  dcctncal  tciti.  .,1,1. 

iiiuitrBtian  ibiKH  opciatoT  maidni     ated  more  quickly  than  fuse;  several  shots 
may    be   tired    simultaneously    with    little 
danger  of  misfires  or  hang  fires  and  without  the  smoke  created  by  the 
burning  of  fuse. 

Cordeau  -Bickford 

This  is  an  instantaneous  detonating  fuse  in  the  form  of  a  thin  lead 
tube  filled  with  TNT.  It  is  used  as  a  detonating  agent  for  explosives 
and  is  particularly  adapted  to  detonating  long  columns  of  explosives 
such  as  are  encountered  in  well-drill  blasting.  When  it  extends  the  entire 
length  of  the  chaise  it  increases  the  velocity  of  slower  explosives  to  its 
own  velocity.  The  rate  of  detonation  of  Cordeau  is  very  rapid  (approxi- 
mately 17,000  ft.  per  second). 

It  weighs  about  ten  pounds  per  hundred  feet,  is  wound  on  wooden 
spools  in  lengths  of  from  100  feet  to  500  feet  and  is  supplied  in  three 
different  forms,  No.  6  plain.  No.  6  countered,  and  No.  6  double  countered. 
The  object  of  the  countering  is  to  protect  the  Cordeau  when  tamping 
and  to  strengthen  it  when  used  in  long  lengths. 

The  following  accessories  which  are  necessary  in  the  use  of  Cordeau- 
Bickford  are  supplied:  Cordeau  Slitters  (for  splitting  the  ends  of 
branch  lines),  Cordeau  Crimpers,  Straight  Unions,  Special  Unions, 
and  Couplings. 


Cap  Crimpers 

The  cap  crimper  offers  the  only  sure  means  of  crimping  the  blast- 
ing cap  on  the  fuse  in  such  a  way  that  it  stays  in  its  proper  place  and 
is  protected  from  dampness.  Other  methods  of  fastening  caps  to  fuse 
are  dangerous  and  often  cause  misfires. 

One  of  the  handles  of  the  cap  crimper  is  pointed  so  that  it  may 
be  used  for  punching  the  hole  in  the  cartridge  for  priming. 

Leading  Wire  and  Connecting  Wire 

The  wire  used  to  connect  the  blasting  machine  with  the  electric 
blasting  caps,  igniters,  squibs,  etc.,  is  called  "Leading  Wire."      The 
wire  used  to  connect  the  shots  tc^ethcr 
in  a  single  circuit  when  the  wires  of  the 
caps  themselves  are  not  long  enough,  is 
called  "Connecting  Wire." 

Leading  wire  is  insulated  copper  wire 
(No.  14  Brown  8s  Sharpe  gauge).  It  is  sup- 
plied in  either  single  or  duplex  form.   The  duplex  form  consists  of  two 
single  wires  bound  together  and  having  an  additional  insulated  covering. 


The  lengths  in  which  single  and  duplex  ^^res  are  supplied,  and  the  ' 
weights  of  the  single  wire  are: 


200  ft.  coils  Weight  about  4.12  lbs. 

250  ft.  coils  Weight  about  5.15  lbs. 

300  ft.  coils  Weight  about  5.97  lbs. 

500  ft.  coils  Weight  about  9.89  lbs. 

The  weight  of  duplex  wire  is  ap- 
proximately twice  that  of  single  wire. 


Connecting  wire  is  small  insulated  copper  wire  (No.  20  or  21  Brown 
&  Sharpe  gauge)  and  is  supplied  on  1  lb.  and  2  lb.  spools.  A  one  pound 
spool  contains  about  230  feet  of  No.  20  wire  or  about  290  feet  of  21  wire. 


Blasting  Machines 

On  the  following  pages  will  be  described  separately  the  several 
blasting  machines.  These  arc  used  for  supplying  current  for  electric 
blasting.   The  method  of  using  them  is  explained  in  Chapter  V,  p^e  103. 


The  Atlas  Blaster 

The  Atlas  Blaster  is  an  especially  handy  machine — a  general  purpose 
machine  that  is  light  in  weight  and  provided  with  a  leather  strap  for 
carrying. 

This  machine  is  operated  by  a  key  which  is  a 
separate  part  of  the  machine.  This  key  may  be 
kept  in  possession  of  the  shot  firer,  thus  prevent- 
ing the  operation  of  the  machine  by  any  other 
person. 

The  operation  of  this  blaster  is  simple: 
Machine  is  held  in  left  hand  (bottom  toward 
operator).  The  operating  key,  grasped  in  right 
hand,  is  inserted  in  the  socket  with  back  of  hand 
toward  operator.  A  quick  twist  of  the  handle 
to  the  right  fires  the  blast.  The  more  quickly  the 
twist  is  made  the  greater  the  power  developed. 

Based  on  insulated  wire  of  lengths  not  ex- 
ceeding 600  ft.  for  No.  14  wire,  350  ft.  for  No.  16 
wire,  or  200  ft.  for  No.  18  wire.  Atlas  Blasters  will 

fire  the  rated  number  of  blasting  caps  stated  in      Method  of       atin   auh 

the  specifications  given  for  the  respective  sizes.         Bi»t«>N«a,  ludi 
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Atlas  Blaster  No.  0* 

This  blasting  machine  bears  the 
permissible  plate  of  the  U.  S.  Bureau 
of  Mines  and  should  be  used  for  the 
sake  of  safety  in  gassy  and  dusty  coal 
mines. 

Capacity:  Will  fire  one  30-foot 
copper  wire  electric  blasting  cap  or  one 
6'foot  iron  wire  electric  blasting  cap. 

Dimensions:  4^4"  x  2"  x4;-^"  high. 
Net  Weight:  314  lbs. 
Atiu  Biuter  No.  0  Shipping  Weight :  4  lbs. 

Atlas  Blaster  No.  1* 
Capacity:  Will  fire  five  30-foot  copper  wire  electric  blasting  caps 
or  five  6-foot  iron  wire  electric  blasting  caps  connected  in  single  series. 

Dimensions:  4?^"  x  2"  x  434"  high. 
Net  Weight:  3Ji  lbs. 
Shipping  Weight :  4  lbs. 

Atlas  Blaster  No.  2* 
Capacity:  Will  fire  ten  30-foot  copper  wire  electric  blasting  caps 
or  ten  6-foot  iron  wire  electric  blasting  caps  connected  in  single  series. 

Dimensions:  4?4"  x  2"  x  6^4"  high. 
Net  Weight:  5}^  lbs. 
Shipping  Weight:  6}4  lbs. 

*(The  Atlas  Blaster  should  not  be  short-circuited  at  the  binding 
posts,  as  this  will  weaken  the  permanent  magnet  and  reduce  the  capacity 
of  the  machine.  This  applies  whether  the  machine  is  in  operation  or  not 
and  the  user  is  cautioned  against  permitting  metal  plates  to  bear  on 
both  binding  posts  at  the  same  time  or  attaching  two  ends  of  the  same 
wire  to  the  posts.) 


Atlas  No.  3  Blastii^  Machine 

The  improved  Atlas  No.  3  Blasting 
Machine  is  the  result  of  considerable  experi- 
mental work.  By  the  use  of  the  proper 
materials  and  improved  des^,  it  has  been 
possible  to  build  a  blasting  machine  of  high 
capacity,  great  durability  and  smooth  opera- 
tion. The  capacity  of  this  machine  is  far  in 
excess  of  the  old  type  blasting  machines  of 
equal  weight.  Resistance  to  the  thrust  of  the 
rack  bar  does  not  appreciably  increase  during 
operation,  resulting  in  a  machine  with  a  very 
smooth  action. 

Standard  size  for  quarry,  mine  and  ditch 
blasting.  It  is  strong  and  substantial,  and  one 
of  the  most  useful  sizes  of  blasting  machines.  uo.  3 

Capacity:  Will  fire  fifty  30-foot  copper  wire  electric  blasting  caps 
or  fifty  6-foot  iron  wire  electric  blasting  caps  connected  in  single  series. 

Dimensions:  7"  x  8"  x  14^"  high. 

Net  Weight:  22  lbs. 

Shipping  Weight:  31  lbs. 

U.  S.  Standard  No.  5  Blastii^  Machine 

This  machine  is  the  same  general  style  as 
the  Atlas  No.  3,  but  differs  considerably  in 
design. 

Capacity:  Will  fire  one  hundred  30-foot  cop- 
per wire  electric  blasting  caps  or  one  hundred 
6-foot  iron  wire  electric  blasting  caps  connected 
in  single  series. 

Dimensions:  9"  x  11"  x  21"  high. 
Net  Weight;  57  lbs. 
Shipping  Weight:  75  lbs. 


U.  S.  Standard  No.  6  Blasting 
Machine 

Also  a  hand-operated,  push-down 
machine. 

Capacity:  Will  fire  one  himdred  and 
fifty  30-foot  copper  wire  electric  blasting 
caps  or  one  hundred  and  fifty  6-foot  -iron 
wire  electric  blasting  caps  connected  in 
single  scries. 

Dimensions:  8^"  x  10?^"  x  17H"  high. 
Net  Weight:  41  lbs. 
Shipping  Weight:  55  lbs. 


Mason  Turbine  Blastii^  Machine 

This  is  a  machine  operated  by  steam  or  compressed  air.  It  includes 
an  electric  generator  and  a  turbine  motor,  connected  by  a  direct  shaft. 
The  turbine  requires  SO  lbs.  pressure  to  drive  it  at  full  speed  and  cannot  be 
used  proi)erly  with  less. 

The  machine  is  enclosed  in  a  well -finished,  brass-bound,  hardwood 
case  with  hinged  cover.  The  push-button,  switch,  voltmeter  and  bindii^ 
posts  are  on  top.  This  arrangement  adds  greatly  to  convenience  in 
using.  The  exhaust  steam  or  air  escapes  through  an  iron  extension  pipe 
on  the  end  of  the  case. 

To  prepare  for  operating  the  machine,  the  leading  wires  should  be 
connected  to  the  binding  posts  and  the  power  turned  on.  The  turbine 
drives  the  generator.  The  generator  builds  up  the  current.  When  the 
push  button  is  depressed,  the  voltmeter  will  indicate  the  "firing  point." 
When  all  is  ready  for  firing,  the  switch  is  turned. 


Mason  Turbine  Blasting  Machi 


jwLnc  turbine  open  fo 


Fl|-  3- — Showing  turbine  lookins  etraicht  down  upon  It 

Capacity;  One  hundred  and  fifty  30-foot  copper  wire  electric 
blasting  caps,  or  one  hundred  and  fifty  6-foot  iron  wire  electric  blasting 
caps  connected  in  single  series. 

Dimensions:  8]4"  ^  13"  x  12"  high. 

Net  Weight:  44  lbs. 

Shipping  Weight:  55  lbs. 


Repairs  for  Blasting  Machines 

The  blasters  and  blasting  machines  that  we  recommend  are  carefully 
constructed  and  made  of  the  best  material  obtainable.  They  are  fully 
guaranteed  to  be  free  from  defect  in  material  and  workmanship  and, 
with  proper  care,  any  model  described  in  this  catalog  should  give  years 
of  service  in  the  particular  work  for  which  it  is  recommended. 

Should  any  Atlas  machine  fail  to  give  such  service  it  should  be 
returned  to  us,  charges  prepaid.  If  after  examination,  it  is  found  that 
the  trouble  is  due  to  defective  workmanship  or  material,  the  parts  will 
be  replaced  free  of  chaige  and  the  machine  returned  transportation 
prepaid  and  customer  will  receive  credit  for  transportation  prepaid. 

On  the  other  hand,  if  it  is  found  that  the  trouble  is  due  to  ordinary 
wear,  abuse  or  lack  of  care,  the  repairs  needed  will  be  made  and  the 
machine  returned  transportation  charges  collect.  The  parts  required 
to  put  machine  in  proper  working  order  will  be  billed  to  owner. 

We  do  not  ship  repair  parts  to  owners  of  blasting  machines  as  we 
have  found  that  machines  repaired  in  o\a  own  shops  give  better  service 
than  those  repaired  in  the  held. 

Reminders  for  the  Electric  Blasting 
Machine  Operator 

Make  all  connections  in  series  when  using  blasting  machines.  If 
light  or  power  lines  are  available  connections  may  be  made  in  parallel 
or  parallel  series. 

Keep  the  blasting  machine  in  good  order.  Test  it  occasionally  with 
an  Atlas  Rheostat. 

*"Do  not  clean  the  commutator  with  emery  cloth;  use  No.  00  sand- 
paper. Keep  slots  in  commutator  free  from  metallic  particles,  use  a 
piece  of  wood  to  clean  the  slots — never  a  knife  or  sharp  metal. 

"Do  not  clean  contact  points  in  such  a  manner  as  to  remove  platinum 
points.  These  points  protect  the  brass  from  oxidation  under  the  influence 
of  the  hot  electric  spark  and  are  essential  to  the  proper  generation  of  the 
current. 


"Do  not  connect  leading  wires  to  the  blasting  machine  until  ready  to 
fire,  and  if  for  any  reason  upon  operating  the  blasting  machine,  the 
round  should  fail  to  fire,  disconnect  both  wires  immediately. 

"Test  the  complete  round  through  the  leading  wires  with  an  electric 
blasting  type  galvanometer  before  connecting  the  circuit  to  the  blasting 
machine," 

The  bearings  of  the  armature  shaft  and  of  the  armature  itself 
should  be  oiled  occasionally,  but  care  should  be  taken  not  to  allow  the 
oil  to  touch  the  brushes,  commutator,  contact  spring  or  its  contact  points. 

Wipe  off  with  an  oiled  cloth  the  steel  parts  that  can  be  reached, 
the  faces  of  the  armature  (not  the  wire)  also  the  rack  bar  and  the  guide 
rod.  A  thick  cylinder  oil  rubbed  into  the  grain  of  the  wood  of  the  machine 
will  help  to  preserve  the  case.  Should  the  brushes  appear  to  be  wearing 
into  the  commutator  too  rapidly,  a  little  graphite  may  be  taken  from  a  soft 
lead  pencil  and  used  for  lubricating  the  commutator.  If  by  accident  any 
oil  should  lodge  on  the  commutator,  it  should  be  removed  at  once.  A  cloth 
dampened  with  gasoline  will  serve  for  this  purpose.  All  of  the  gasoline  and 
its  vapor  should  be  removed  from  the  box  before  it  is  closed. 


u  tot  electrical  fii 


Sureshot  Blasting  Shells 

For  Black  Powder — For  Tamping  Material 

The  Sureshot  Blasting  Shell  is  a  continuous,  expansible  paper 
tube  made  of  the  stoutest  waterproof  paper.  Its  patented  con- 
struction gives  it  many  advantages  over  the  method  of  loading  black 
powder  with  blasting  paper.  The  shell  is  loaded  in  the  usual  way. 
When  the  charge  is  pressed  in  the  bore-hole  the  tamping  expands  the 
shell  without  breaking  the  paper,  the  chaise  fills  the  hole  completely, 
yet  the  powder  is  protected  from  water  or  moisture  in  the  hole.  The 
best  results  are,  therefore,  obtained  from  the  explosive  and  "lost  holes" 
or  misfires  are  reduced  to  a  r 


How  to  Use  Sureshot  Shells 

1.  Tear  off  enough  shell  for  the  length  of  shot  you  wish  to  make. 

2.  Crimp  the  End — One  flat  fold,  then  turn  over  the  comers.    (Twist 

it  if  you  want  to.) 

3.  Open  the  Shell — ^Blow  in  it.  (Using  your  thumb  will  take  twice 

as  long.) 


4.  Slide  your  hand  to  the  bottom  pressing  the  creased  edges  tc^ether. 

It  will  stand  open. 

5.  Fill  with  powder. 

6.  Work  down  the  powder  with  stripping  motion.    It  will  pack  tight. 


Sizes  of  Sureshot  Shells 

These  Shells  are  made  in  the  following  standard  sizes: 

13^"  Unexpanded  Diameter.     Weight  per  package  45  lbs. 

IH"  Uncxpanded  Diameter.  "         "         "  45    " 

2"      Uncxpanded  Diameter.  75    " 


Each  shell  is  40  feet  in  length,  folded  in  10-inch  folds.  This  is  the  stand- 
ard length  of  blasting  paper  for  some  coal  fields.  Packed  100  shells 
in  a  package. 

Any  size  desired  can  be  furnished.  Any  length  in  any  size  can  be 
supplied. 
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Before  bebit  fiUed 


Tunpinc  Bmg  BUtd 


SizeNQ. 

Size 

No.  in  Bale 

Shipg^^j^. 

A 

1"     X   8" 

5,000 

21  lbs. 

B 

lJ4"x    8" 

3,000 

24    " 

C 

VA"xW 

5,000 

29    " 

D 

VA"x\2" 

5.000 

30    " 

B 

5.000 

28    " 

F 

lM"xlO" 

5.000 

33    " 

G 

l>^"xl2" 

5.000 

39    " 

H 

lH"il6" 

5.000 

45    " 

J 

2"      X  18" 

5,000 

68    " 

Blasting  Paper 

This  is  used  for  making  cartridges  to  contain  blasting  powder.  It 
also,  is  sometimes  used  for  making  up  "tamping  bags."  It  is  supplied 
in  bundles  of  5  rolls  each,  weighing  22  pounds. 

Kapseal 

This  is  a  wax-like  material  used  for  waterproofing  joints  between 
fuse  and  blasting  cap,  and  for  scaling  the  opening  made  in  a  cartridge 
where  the  cap  enters.     Packed  in  one-pound  tin  cans  enclosed  in  paste- 
board cartons.     A  case  contains  24  cans. 
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Atlas  Rheostat 

For  Testing  Blasting  Machines  and  Galvanometers 

The  Atlas  Rheostat  is  a  device  for  ascertaining,  by  means  of  arti- 
iicial  resistance,  the  number  of  electric  blasting  caps  that  a  blasting 
machine  will  fire  when  the  chaises  are  connected  in  series.  It  also  is  used 
as  a  standard  by  which  the  resistance  readings  of  galvanometers  may  be 
checked. 

Complete  instructions  for  the  use  of  the  Atlas  Rheostat  will  be  found 
in  Chapter  V,  pages  104  to  106. 

Dimensions:  94"^  1?4"^5H"- 
Weight:  5)^  ounces. 

Atlas  Galvanometer 

This  is  an  instrument  for  test- 
ing electric  blasting  caps,  single  series 
circuits,  etc.,  to  make  certain  there 
are  no  poor  connections,  leaks  or 
short  circuits  that  will  cause  misfires. 
The  instrument  consists  of  a  chloride 
of  silver  dry  cell  battery  and  resist- 
ance coil  enclosed  within  a  case  made 
of  metal  and  hard  rubber  which,  in 
turn,  fits  into  a  leather  case  equip- 
ped with   leather  shoulder    strap.  Method  ot  uiing  Ati«i  G»iv«ioii«t« 


Two  contact  posts  are  located  at  the  upper  side  of  the  metal  case. 
Complete  instructions  for  using  the  Atlas  Galvanometer  will  be  found 
in  Chapter  V,  pages  104  to  106. 

Dimensions,  including  leather  case:  l^"  x  3}^"  x  4}^". 

Weight,  including  leather  case:  1}/^  lbs. 

Thawing  Kettles 

For  use  vbsa  explosives  are  frozen  or  chilled.  These  thawing  kettles 
are  supplied  in  two  sizes. 


Eipladvc  npecUlU'  n 


Storage  of  Explosives 

Explosives  should  b«  stored  only  in  safely  located  and  suitably 
constructed  buildings.  The  construction  of  these  buildings,  popularly 
known  as  magazines,  may  vary  considerably,  depending  upon  the  type 
of  explosive  to  be  stored,  climatic  conditions,  permanency  of  storage 
and  kind  of  building  materials  available. 

In  selecting  locations  for  magazines,  safety  is  the  first  consideration. 
Other  considerations  are  the  avoidance  of  excessive  dampness  and  high 
temperature.  The  safety  standard  used  by  this  Company  in  locating 
m^azines  is  the  American  Table  of  Distances,  copy  of  which  will  be 
sent  upon  application  to  any  of  our  branch  offices. 

The  construction  of  magazines  for  all  classes  of  explosives  should  be 
such  as  to  resist  fire,  weather,  moisture  and  theft,  while  magazines  for 
dynamite  or  similar  high  explosives  should,  in  addition,  offer  resistance 
to  bullets.  '  The  standard  designs  of  magazine  construction  used  by  this 
Company  include  the  following  types: 

Permanent  Storage 

(Magazines  suitable  for  any  form  of  explosive  or  blasting  supplies.) 

A; — Medium  soft  brick,  laid  in  cement  mortar,  containing  from  15% 
to  25%  lime,  with  roof  bullet -proofed  with  sand. 

B;— Wooden  m^azines  sheathed  outside  and  lined  inside  with  not 
less  than  %"  T,  8b  G.  boards,  the  intervening  space  between  inner  and 
outer  linings  to  be  611ed  6  inches  above  sill  with  weak  cement  mortar,  and 
remainder  of  space  to  plate  with  sand  well  tamped.  Outside  of  buildit^ 
fireproofed  with  not  less  than  26  gauge  iron. 

C; — ^Permanent  magazines  suitable  for  blasting  or  sporting  powders 
or  blasting  supplies;  i.  e.,  caps,  exploders,  fuse,  etc.  (This  magazine  not 
suitable  for  dynamite  or  similar  high  explosives.)  Balloon  constructed, 
outside  to  be  sheathed  with  J^"  lumber  and  fireproofed  with  not  less  than 
No.  26  gauge  sheet  iron ;  studding  to  be  sufficiently  rigid  to  resist  load  piled 
in  magazine  and  not  less  than  2"x4".  Inside  of  building  to  be  lined  wth 
1"  X  6"  lining  strips  secured  to  studding,  and  spaced  about  6  inches  apart. 

Plans  and  specifications  for  any  of  the  above  types  of  magazines 
will  be  furnished  upon  application  to  any  of  our  branch  offices. 


Temporary  Storage 


For  temporary  : 
portable  iron  magazuies, 
are  as  follows: 


!,  there  may  be  purchased  from  this  Company 
capacity,  dimensions,  and  weight  of  which 


Storage  Magaiine. . 


Siie 

Capacity 

0 

50  IbB. 

8  kegs 

2 

12     " 

3 

16     " 

4 

24     " 

S 

30     " 

1 

20  cases 

2 

30       •' 

3 

40       " 

1 

108  kegs 

2 

3 

324     " 

4 

504     •' 

5 

672     •■ 

6 

7 

1055     " 

8 

1320     •• 

9 

1584     " 

10 

1848     ■• 

Lf .  Wd.  Ht. 
20x14x12  inches 
24x34x25 
31x21x25 
40x21x25 
48x38x26 
50x30x30 

42x39x54 
60x39x54 
78x39x54 

3x  6x  6  fc 

6x  ex  6 

9x  6x  6 

9x  Sx  7 
12x  Sx  7 
I5x  8x  7 
12x1 Ix  8 
15x1 Ix  S 
18x1 Is  S 
21x1 Ix  8 


1200 
1500 
2000 
2400 
2800 
3200 
3700 
4200 
4700 


The  above  magazines  are  suitable  for  stor^e  of  blasting  and  sport- 
ing powders,  blasting  caps  and  other  blasting  supplies.  If  used  for 
dynamite  or  similar  high  explosives  they  should  be  reinforced  with  brick 
or  wood  so  as  to  offer  resistance  to  bullets. 

The  above  types  of  portable  magazines  arc  not  recommended  for 
storage  of  dynamite  or  other  high  explosives  in  warm  climates,  or  where 
high  summer  temperatures  prevail. 

The  above  standards  for  locating  and  constructing  magazines  are 
supplementary  to  and  subject  to  modification  by  any  existing  State  or 
local  laws  regulating  storage,  delivery  and  use  of  explosives.  Persons 
wishing  to  build  magazines  should  inform  themselves  regarding  such 
laws  in  order  to  comply  therewith. 


CHAPTER  V 

How  to  use  IJIasting  Supplies 

CAP  AND  FUSE  FIRING 

IN  cap  and  fuse  firing  it  is  imperative  that  the  cartridges  be  properly- 
primed  or  costly  misfires  or  accidents  may  result.     Give  this  job 
to   a  carefiil  workman,    and   hold    him   responsible   for  doing  it 
properly.    Insist  that  it  be  done  only  in  a  safe  place. 

Handling  the  Fuse 

In  cold  weather  the  fuse  should  be  warmed 
slightly  before  uncoiling.  This  prevents  crack- 
ing the  outside  covering  in  uncoiling.  Place  the 
fuse  over  a  block  of  wood  and  with  a  sharp 
knife  cut  off  the  length  desired.  The  end 
should  be  cut  square.  A  ragged  edge  may 
cause  a  misfire.  If  the  fuse  has  been  cut 
for  some  time,  make  a  fresh  end  by  cutting 
off  a  small  piece.  ^"*  '^  '•■«  ">""«  ""•  ■^'™' 

Removing  Cap  from  Box 

To  take  a  blasting  cap  out  of  the  box,  place  one  hand  over  the 
top.  Tilt  the  box  slightly  until  one  or  more  of  the  blasting  caps  start 
to  slide  out.  Then  pick  one  out.  Do  not  try  to  take  a  blasting  cap  out 
of  the  box  with  a  nail,  stick  or  end  of  the  fuse. 
A  blasting  cap  is, very  sensitive  and  will  not 
stand  rough  treatment.  The  end  of  the  fuse 
should  go  into  the  end  of  the  blasting  cap 
snugly ;  it  should  touch  the  charge  in  the  blast- 
ing cap,  but  it  should  not  be  twisted  into  place. 
If  the  fuse  is  too  thick  to  fit  easily  into  the 
cap,  take  a  piece  of  wood  and  with  it  roll 
the  fuse  on  a  hard,  smooth  surface,  to  reduce 
the  fuse  to  the  size  desired. 
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Crimping  the  Blasting  Cap 

When  the  end  of  the 

fuse  is  in  place  within 

the  blasting  cap  then 

the  sides  of  the  latter 

should  be  squeezed 

down  tightly  (crimp- 
ed) upon  the  fuse. 

THERE    IS    ONLY 
E»<:>K<»»lDpl.cin«cw         ONE  WAY  TO    DO 
■"'""  THIS  RIGHT.    Use 

a  cap  crimper.  Do  not  use  the  teeth  or  a  knife  to  make  the  crimp. 
The  cap  crimper  is  made  for  this  purpose.  You  should  always  have 
one  on  hand. 

Priming  the  Cartridge 

First  Method 

Great  care  should  be  exercised  in  attaching  the  cap  and  fuse  to  the 
cartridge.     Proceed  as  follows: 


,  With  the  handle  of  a  cap  crimper,  or  a  inece  of  wood  shaped 
something  like  a  sharpened  pendl,  punch  a  hole  2  inches  deep 
in  the  end  of  the  cartridge.  Direct  the  hole  as  nearly  as  you 
can  down  the  center  of  the  cartridge. 


2.  Tie  t<^ether  the  ends  of  a  short  piece  of  strong,  soft  string. 

3.  Make  a  clove  bitch  with  the  string.     Put  the  hitch  over  the 

cartridge. 

4.  Make  another  clove  hitch,  using  the  frte  end  of  the  string. 

5.  Through  this  hitch  place  the  fuse  and  blasting  cap  and  loc^ 

the  latter  in  the  hole  made  in  the  end  of  the  cartridge. 

6.  Slide  the  string  forming  the  second  clove  hitch  up  along  the  fuse, 

thus  tightening  the  hitch,  until  the  fuse  is  bent.     {See  the 
illustration.) 

7.  Pull  the  string  tight  all  around. 

Do  not  make  the  hole  in  the  cartridge  any  larger  or  any  deeper 
than  is  needed  to  receive  the  blasting  cap.  Don't  imbed  the  fuse  in  the ' 
cartridge  or  lace  the 
fuse  through  the  cart- 
ridge, as  the  fuse  may 
spit  fire  through  the 
side  while  burning 
and  set  fire  to  the 
charge. 

By  this  method, 
the  fuse  and  blastii^ 
cap  are  held  firmly  in 
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The  proper  w. 


They    will     not     be  "" 

pulled  out  of  this  position  when  the  charge  is  tamped.  When  water  is 
present,  cover  the  cap,  also  the  dynamite  where  the  cap  enters,  with 
Kapseal. 


Second  Method 
Unfold  the  paper  at  the  end  of  the  cartridge.  Punch  the  hole  just  as 
in  the  first  method.  Put  the  crimped  blasting  cap  in  the  hole.  Fold 
the  paper  around  the  fuse,  and,  using  strong,  soft  string,  tie  the  paper 
securely  to  the  fuse.  This  method  holds  the  fuse  and  blasting  cap  in 
the  correct  position.  However,  when  the  cartridge  is  being  lowered 
into  the  hole  and  when  the  hole  is  being  tamped,  there  is  some  danger  of 
the  paper  becoming  loose  where  it  is  tied  about  the  fuse.  Therefore,  the 
first  method  is  preferred. 

TO  EXPLODE  WITH  MINERS'  SQUIB 

The  miners'  squib  is  used  only  with  blasting  powder.  With  the 
squib  a  "blasting  barrel"  or  a  "miners'  needle"  m\ist  be  used. 

A  blasting  barrel  is  a  piece  of  }4.  inch  gas  pipe.  One  end  of  the 
pipe  is  imbedded  in  the  open  end  of  the  last  cartridge. 

When  this  cartridge  is  put  in  place  in  the  bore  hole,  the  end  of  the 
barrel  should  extend  outside  of  the  hole  a  trifle.  The  tamping  material 
is  packed  closely  around  the  barrel  until  the  hole  is  filled.  The  squib  is 
put  into  the  exposed  end  of  the  barrel  with  the  slow  match  end  of  the 
squib  sticking  out. 

The  slow  match  of  the  squib  is  ignited,  and  bums  back  to  the  train 
of  powder  within  the  squib.  The  force  of  the  flashing  powder  propels  the 
squib  like  a  sky-rocket,  back  into  the  hole  and  ignites  the  charge.  After 
the  blast  the  barrel  should  be  recovered.     It  may  be  used  several  times. 

The  miners  needle  is  a  rod  of  metal,  usually  brass  or  copper -tipped, 
5  to  8  feet  long  and  ^  inch  in  diameter.  This  is  given  a  coating  of  soap. 
The  point  of  the  needle  is  pushed  into  a  cartridge  2  or  3  inches.  This 
cartridge  is  then  loaded  into  the  bore  hole  with  the  other  end  of  the  needle 
protruding.  The  tamping  material  is  packed  closely  about  the  needle, 
until  the  hole  is  filled.  The  needle  is  then  carefully  pulled  out.  The 
result  is  a  hole  the  diameter  of  the  needle.  The  squib  is  next  inserted 
into  this  hole  with  the  slow  match  end  sticking  out.  The  squib  ignites 
the  charge,  just  as  in  the  case  of  the  blasting  barrel.  The  hole  left  by 
the  needle  may  cave  in.  Therefore,  it  is  better  to  use  the  blasting 
barrel.  Each  of  these  methods  has  the  same  disadvant^e  as  with 
safety  fuse.    It  ignites  the  outer  end  instead  of  the  center  of  the  charge. 


ELECTRICAL  FIRING 

Under  many  conditions  it  is  of  great  advantage  to  fire  by  electric- 
ity.   The  chief  reasons  are  these: 

1.  Two  or  more  shots  may  be  fired  at  the  same  time.  In  most 
cases  a  greater  amoimt  of  material  can  be  moved  and  broken  more 
completely  when  the  blasting  is  done  electrically. 

2.  The  firing  can  be  done  the  exact  moment  desired. 

3.  The  firing  can  be  done  from  a  distance.  The  operator  can  be 
entirely  outside  the  zone  of  danger 

4.  Chances  of  misfires  or  hang-Urea  are  minimized. 

5.  In  wet  work  the  results  arc  more  certain  than  with  cap  and  fuse. 

6.  The  risk  of  igniting  gas  or  dust  in  imderground  work  is  reduced 
to  a  minimum. 

7.  The  amount  of  objectionable    smoke  and  fumes  given  off   is 

Priming  the  Cartridge 
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1.  Using  the  handle  of  a  cap  crimper,  punch  a  hole  in  the  end 
of  the  cartridge.  Direct  it  diagonally  so  that  the  hole  will  come  out 
through  the  side  about  3  inches  down. 

2.  Fold  over  the  wires  about  12  inches  from  the  electric  blasting 
cap  to  form  a  sharp  bend.  Then  pass  the  doubled  wires  through  the 
hole,  and  open  the  loop. 

3.  Pass  the  loop  over  the  other  end  of  the  cartridge. 


4.  Next  punch  another  hole  straight  down  into  the  cartridge  be- 
side the  first  one  making  it  deep  enough  to  receive  the  electric  blast- 
ing cap. 

5.  Insert  cap  in  this  hole. 

6.  Take  in  the  slack. 

This  arrangement  prevents  any  strain  on  the  wires  where  they 
enter  the  electric  blasting  cap. 

Do  not  make  half  hitches  with  the  wires  around  the  cartridge. 
There  is  danger  of  breaking  a  wire,  or  injiiring  the  insulation  and  caus- 
ing a  short  circuit. 

The  method,  sometimes  followed,  of  putting  the  electric  blasting 
cap  in  the  side  of  the  cartridge  is  not  recommended.  The  electric 
blasting  cap  (No.  6,  1^  inches  long,  or  No.  8,  2  inches  long)  pushed 
into  the  side  of  cartridges,  J^  to  1 3^  inches  in  diameter,  may  go  through 
to  the  opposite  side  and  reduce  the  force  of  detonation. 


Primii^  for  Delay  Electric  Blasting  Caps  and  Delay 
Electric  Igniters 

Use  the  same  methods  that  are  recommended  for  priming  a 
cartridge  with  an  electric  blasting  cap  or  blasting  cap.  They  must  not 
be  seated  deeper  than  6  inches  in  the  primer  cartridge  as  at  least  2 
inches  of  the  explosive  should  be  below  the  detonator,  Particutar 
care  is  necessary  when  tamping  not  to  disturb  the  part  of  the  delay 
electric  blasting  cap  or  delay  electric  detonator  extending  out  of  the 
cartridge. 


To  Explode  with  Electric  Squib 

The  best  way  to  ignite  small  charges  of  blasting  powder  is  either  by 
an  electric  blasting  cap  or  an  electric  squib.  Of  the  two  devices,  the 
electric  squib  costs  less  and  is  equally  effective.  The  electric  squib  is  to 
be  used  in  a  manner  similar  to  that  followed  with  an  electric  blasting  cap. 

If  the  blastii^  powder  is  used  in  bulk  form,  the  electric  squib 
should  be  placed  in  the  hole  when  one-half  of  the  charge  has  been  loaded. 
Then  the  remainder  of  the  charge  should  be  loaded.  This  starts  the 
explosion  in  the  center  of  the  charge.  The  electric  squib  permits  the 
firii^  of  one  or  more  charges  at  the  same  time,  as  is  the  case  with  the 
electric  blasting  cap.  Always  remove  the  cork  from  the  end  of  the 
squib  before  inserting  in  the  powder. 

Dynamite  Primer  for  Blasting  Powder 

If  a  heavy  chaise  of  blasting  powder  is  to  be  used,  a  dynamite 
primer  is  recommended.  This  primer  should  be  a  cartri^e  of  dynamite 
into  which  has  been  inserted  an  electric  blasting  cap.  The  dynamite 
should  be  ofstrengthofnot  less  than  40%.  The  primer  should  be  placed 
at  the  centre  of  the  charge. 

How  to  Operate  Blasting  Machines 

Different  styles  to  meet  varioiis  conditions  are  sold  by  the  Atlas 
Powder  Company. 

These  machines  arc  built  substantially,  but  the  user  is  cautioned 
to  keep  the  various  parts  in  proper  working  order.  A  machine  should  not 
be  subjected  to  rough  treatment,  rain  or  even  dampness,  if  one  expects 
to  get  the  best  results.  Blasting  machines  should  not  be  kept  in  under- 
ground operations,  unless  stored  in  a  dry  place  when  not  in  use. 

When  operating  a  blasting  machine  it  should  rest  on  a  level  spot, 
otherwise  in  pushing  down  therackbarit  isaptto  jam,  producingweak 
current  and  possibly  a  misfire. 

The  power  in  Atlas  No.  3  and  U.  S.  Standard  Blasting  Machines  is 
generated  through  the  action  of  the  rack  bar.  The  bar  should  be  lifted 
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by  the  handle,  to  its  full  height.  Then  with  all  possible  force,  it  should 
be  pushed  to  its  lowest  point.  It  will  be  found  that  the  bar  moves  more 
stiffly  as  it  nears  the  bottom.  This  is  due  to  the  resistance  from  the 
action  within  the  machine.  The  resistance  increases  with  the  advance 
of  the  rack  bar.  Sufficient  force  should  be  applied  to  keep  the  bar  mov- 
ing at  undiminished  speed  from  top  to  bottom. 

The  use  of  the  Atlas  Blaster  (made  in  three  sizes)  is  explained  under 
its  own  heading  in  the  list  of  Blasting  Supplies,  Chap.  IV,  pages  83  and  84. 

Use  of  Atlas  Galvanometer  and  Rheostat 

The  galvanometer  and  rheostat  are  important  factors  in  all  electrical 


The  galvanometer  is  used  to  test  electric  blasting  caps ;  and  also  to 
test  the  line  for  breaks  or  short  circuits. 

The  rheostat  is  used  to  determine  the  capacity  of  a  blasting 
machine  and  for  checking  the  resistance  reading  of  the  galvanometer. 
It  will  be  seen,  therefore,  that  these  two  instruments  are  most  valuable 
in  guarding  against  misfires. 

The  galvanometer  contains  a  chloride  of  silver  dry  cell  battery. 
This  supplies  a  very  weak  current.  The  indicator,  moving  across  the 
face  of  a  graduated  scale  or  dial,  shows  the  amount  of  resistance  in  the 
electric  circuit  to  which  the  galvanometer  is  connected.  A  case,  made 
of  metal  and  hard  rubber,  encloses  the  cell  and  resistance  coil.  This 
fits  into  a  leather  case  which  can  be  easily  carried  by  means  of  a  strap 
attached  to  it.  The  two  contact  posts  are  conveniently  located  on  the 
top  of  the  metal  case. 

Connections  can  be  made  with  the  contact  posts  of  the  rheostat 
so  that  it  will  give  the  same  amount  of  resistance  to  the  electric  current 
from  a  blasting  machine  that  would  be  given  by  a  pre-determined 
number  of  electric  blasting  caps  connected  together  in  single  scries 
for  a  blasting  operation.  It  will  give  a  total  resistance  equal  to  130 
electric  blasting  caps  having  either  30-foot  copper  wires  or  6-foot  iron 
wires.  These  lengths  of  wires  are  taken  as  standards.  If  longer  wires 
are  used,  the  blasting  machine  will  not  hre  as  many  as  its  rated  number 
of  electric  blasting  caps. 


The  following  table  shows  the  resistance  equivalent  in  electric 
bitting  caps  indicated  for  various  ways  in  which  the  7  posts  of  the 
rheostat  may  be  paired: 
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The  purpose  of  the  rheostat  is  to  provide  an  inexpensive  means  of 
ascertaining  the  capacity  of  a  blasting  machine  and  a  standard  by 
which    the   resistance 
readings    of   galvanom- 
eters may  be   checked. 


If  we  have  a  blasting  machine  rated  as  capable  of  firing,  say  ten 
electric  blasting  caps,  there  are  two  ways  in  which  its  ability  to  do  this 
may  be  proved:  First,  a  circuit  often  electric  blasting  caps  (Figure  1)  can 
be  connected  and  the  attempt  made  to  hre  them  all,  or  second,  a  circuit 
can  be  prepared  eliminating  nine  of  the  ten  electric  blasting  caps  and 
replacing  them  with  an  equivalent  resistance  (Figure  2.) 
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If,  under  these  circumstances,  the  single  electric  blasting  cap  can 
be  fired,  it  is  presumptive  evidence  that  the  blasting  machine  is  capable 
of  firing  ten  electric  blasting  caps  when  connected  as  shown  in  Figure  1. 

Every  electric  blasting  cap,  electric  igniter  and  electric  squib, 
should  be  tested  before  and  after  loading  the  holes.  After  loading, 
the  entire  circuit  should  be  tested.  To  do  this,  two  short  pieces  of  lead- 
ing wire  should  be  connected  with  the  two  posts  of  the  rheostat  that 
indicate  a  resistance  equivalent  to  that  of  the  blasting  circuit.  The  op- 
posite ends  of  these  wires  should  be  pressed  upon  the  contact  posts  of 
the  galvanometer.  The  position  of  the  indicator  on  the  dial  should  be 
noted.  Next  the  outer  ends  of  the  two  leading  wires  in  the  blasting 
circuit  should  be  well  scraped  and  pressed  upon  the  omtact  posts  of 
the  galvanometer.  The  position  of  the  indicator  on  the  dial  should 
be  approximately  the  same  as  before.  If  it  is  not,  the  cause  m^ 
be  a  short  circuit  or  defective  wiring.  In  that  case,  the  circuit  should  be 
examined,  section  by  section. 

To  test  the  galvanometer,  lay  a  short  piece  of  copper  wire  across 
the  contact  posts.  Then  note  the  position  of  the  indicator.  If  the  dry 
cell  is  at  its  full  strength,  the  indicator  should  move  entirely  across  the 
face  of  the  dial.  If  the  dry  cell  is  nearly,  or  quite  exhausted,  the  indicator 
will  move  a  very  little  or  not  at  all,  and  a  new  one  must  be  secured  be- 
fore the  galvanometer  readings  will  be  reliable. 


CHAPTER  VI 

Tests — Qi'fi'ity 

GREAT  care  and  skill  ere  used  in  making  Atlas  Explosives.  To 
'  make  explosives  safer  when  properly  handled  has  been  the  aim. 
This  has  been  done.  Now  something  further  is  sou^t^ — to 
make  certain  that  products  are  kept  up  to  the  high  standard.  The 
perfect  explosive  must  be  perfect  in  action.  It  must  always  "run  true  to 
form."  To  achieve  this,  perfect  material  and  workmanship  are  needed. 
The  machinery  also  must  be  of  the  best.  The  Atlas  Powder  Company 
employs  these  three  essentials:  The  best  material,  the  best  workmanship 
and  the  best  machinery. 

To  get  a  perfect  product  is  one  thing.  To  continue  getting  it  year 
after  year  is  quite  another  matter.  This  latter  result  is  achieved  by 
eternal  vij^lance  which,  after  all,  is  the  price  of  success. 

MATERIAL 

The  raw  material  for  the  making  of  explosives  is  supplied  in  large 
quantities  to  the  Company's  mills.  This  makes  possible  the  finest  grad- 
ing. The  best  in  quality  is  always  on  hand.  There  are  no  delays  caused 
by  waiting  for  raw  materials.  The  quantity  is  there  to  keep  the 
quality  always  up  to  the  highest  standard. 

WORKMANSHIP 

Every  plant  is  in  charge  of  a  man  of  proved  ability.  He  knows 
the  work  from  the  bottom  up.  The  workmen  are  highly  skilled  and 
always  may  be  depended  upon  to  do  their  share  in  maintaining  the 
quality  standard. 

MACHINERY 

The  Atlas  Powder  Company  uses  the  most  modem  machinery. 
Every  device  known  for  aiding  the  maintenance  of  precision  in  every 
process  is  employed.    Nothing  is  allowed  to  get  out  of  order. 


ETERNAL  VIGILANCE 

An  outsider  cannot  imagine  how  closely  the  Atlas  product  is  watched 
and  examined.  The  most  careful  tests  arc  made  throughout  the  manu- 
facturing process,  both  at  the  plants  and  again  at  the  Atlas  general 
laboratories.  The  weighing  machines  and  testing  devices  are  extremely 
delicate  and  kept  in  correct  adjustment  and  in  perfect  order. 

The  Atlas  Powder  Company  has  a  staff  of  experts  supervising  the 
manufacture  of  Atlas  Explosives.  Both  raw  materials  and  the  finished 
product  are  tested  by  them.  These  experts  also  devote  a  great  deal  of 
time  to  devising  new  methods,  new  forms  of  machinery,  new  ways  of 
making  use  of  the  science  of  chemistry  in  the  industry.  By  such  means 
new  forms  of  explosives  for  special  kinds  of  work  have  been  discovered. 
Several  of  these  are  described  in  Chapter  IV  on  "Explosives  and 
Blasting  Supplies."     Science  is  the  guide  of  the  explosive  industry. 

When  the  explosives  are  packed  the  same  vigilance  is  exercised. 
Each  case  is  packed  separately.  It  is  filled  while  on  the  scales.  If  it  is 
a  25-pound  case,  that  amount  goes  in — exactly.  If  it  is  a  50-pound  case, 
that  amount  goes  in— exactly. 
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CHAPTER  VII 

Service 

To  have  some  one  who  really  KNOWS  standing  at  your  elbow 
when  you  are  Aguring  out  the  best  way  to  make  a  blast,  is  some- 
thir^  to  be  thankful  for. 
In  any  particular  piece  of  work,  questions  of  judgment  often  arise 
as  to  the  kind  or  grade  of  explosive  best  suited  to  that  particular  work; 
as  to  the  position  and  depth  of  the  holes  to  be  drilled ;  the  strength  of 
the  charge;  the  priming  and  the  tamping  needed  for  the  charge;  etc. 
There  are  men  representing  the  Atlas  Powder  Company,  who  stand 
ready  to  deal  with  these  questions.    These  men  are  at  your  service. 

THE  ATLAS  POWDER  COMPANY'S  SERV- 
ICE   DIVISION    WILL    SEND   A   MAN 
TO  ANSWER  YOUR  QUESTIONS 

Many  users  of  the  Atlas  Explosives  and  Blasting  Supplies  have  had 
the  help  of  this  Division.  In  many  instances  the  Division  has  su^ested 
ways  of  doing  the  work  with  less  cost. 

It  stands  to  reason,  that  the  extensive  experience  of  the  Division 
in  handling  explosives  and  blasting  supplies  should  add  materially  to 
the  value  of  its  recommendations.  Furthennore,  the  files  in  the  Division 
office  contain  records  showing  actual  results  in  thousands  of  blasting 
operations.  These  records  are  authentic  and  can  be  made  of  value  to 
you.  They  may  point  to  a  piece  of  work  so  very  nearly  like  yours  that 
they  will  be  of  great  service  to  you.  They  may  save  you  from  incon- 
venience. They  may  save  time.  They  may  save  money  for  you.  There- 
fore, do  not  hesitate  to  write  to  the  Atlas  Service  Division  when  you 
have  a  problem  to  solve. 

By  consulting  the  Seryice  Division  of  this  Company,  certain  very 
practical  points  about  the  economical  use  of  explosives  and  blasting 
supplies  may  be  gained — points  that  will  help  in  reducing  cost. 
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A  HANDBOOK  ON  AGRICULTURAL 
BLASTING 

The  book,  "Better  Farming  with  Atlas  Farm  Powder,"  contains 
a  great  deal  of  information  on  every  form  of  Agricultural  Blasting. 
A  copy  of  this  valuable  book  will  be  sent  to  anyone  writing  for  it. 
Do  not  forget,  however,  that  the  Atlas  Service  Division  is  always  ready 
to  take  up  and  consider  any  particular  condition  in  which  you  wish  to 
employ  explosives. 

When  you  write  about  your  problems,  address  the  Atlas  Powder 
Company  Service  Division,  Wilmington,  Delaware. 

What  Explosives  and  Blasting  Supplies  to  Use 
for  Agricultural  W^ork 

1.  USE  Atlas  Faim  Powder,  Atlas  Non-freezing  Farm  Powder  or 
Atlas  L.  F.  Extra  40%  Dynamite  for  dry  ditch  blasting. 

2.  USE  Atlas  L.  F.  Nitrc^ycerin  Dynamite  50%  or  60%  for  wet 
ditch  blasting  by  transmitted  method  of  firing. 

3.  USE  Atlas  Farm  Powder,  Atlas  Non-freezing  Farm  Powder, 
Atlas  Stumping  Special  2  L.  F.  or  Atlas  L.  F.  Extra  40%  Dynamite  for 
stump  blasting. 

4.  USE  "Crescent"  or  "Charter  Oak"  Fuse  for  wet  work. 

5.  USE  "Triple  Tape"  Fuse  for  work  in  water. 

6.  USE  "Beaver"  Fuse  for  all  other  agricultural  work. 


CHAPTER  VIII 

Handlinj^,  Storaj^e,  Delivery,  Etc. 

SOMETHING  was  said  in  the  chapter  on  "TESTS-QUALITY" 
about  the  manner  in  which  Atlas  Explosives  are  made.  The 
height  of  human  skill  and  vigilance  is  reached  in  their  produc- 
tion. In  the  handling,  storage,  delivery,  etc.,  the  user  should  have  in 
mind  these  facts : 

In  the  first  place,  explosives  are  not  treacherous  foes  lurking  within 
their  coverings  to  smash  one  to  bits.  They  arc  friends.  They  wait  to 
do  one's  bidding.  An  explosive  is  like  a  spirited  horse.  Treat  it  with 
respect  and  it  will  serve  you  well. 

An  explosive  will  not  stand  too  much  heat,  A  fire  of  any  kind 
makes  heat.  A  spark  from  a  locomotive,  or  anything  burning,  will  make 
heat.  A  spark  is  sometimes  caused  by  striking  iron  against  iron,  (or 
other  metal  or  stone)  letting  a  box  or  other  object  fall  upon  another 
object  or  upon  the  floor,  will  cause  a  concussion.  If  there  is  any  form 
of  explosive  near  at  the  time,  there  may  be  trouble.  Friction  is  sure  to 
cause  heat,  even  if  in  a  very  small  amount.  An  explosive  will  stand  con- 
siderable heat  caused  by  friction,  shock  or  jar  due  to  careless  handling, 
but  at  a  certain  point  it  will  rebel.  Like  any  other  friend  it  expects 
from  you — the  user — a  fair  degree  of  consideration.    That  is  all. 

If  an  explosive  is  frozen,  handle  it  gently  and  thaw  it  strictly  in 
accordance  with  the  makers'  instructions.  In  the  leaflet  referred  to 
below,  you  will  find  several  di^erent  methods  of  thawing  recommended. 
Remember  that  your  friend,  the  explosive,  is  sufiering  from  too  much 
cold  and  remember,  also,  that  it  does  not  behave  well  with  too  much  heat. 
All  forms  of  correct  thawing  depend  upon  heat  of  a  moderate  tempera- 
ture. Therefore,  the  heat  used  must  be  of  a  known  degree  and  must 
never  be  allowed  to  get  beyond  control. 

Some  explosives  are  made  so  that  water  does  not  affect  them. 
They  are  described  in  Chapter  IV.  As  a  rule,  however,  explosives 
of  every  kind  should  be  protected  not  only  from  water  but  should 
be  kept  away  from  wet  or  damp  places.  They  should,  of  course, 
be  protected  from  rain.  This  must  be  kept  in  mind  when  an  explosive 
is  being  moved  from  place  to  place. 


RULES  AND  REGULATIONS  FOR  SHIPPING, 
STORING  OR  HANDLING  EXPLOSIVES 

Any  one  having  anything  to  do  with  the  storage,  handling,  shipment 
or  use  of  explosives  should  prooirc  and  familiarize  himself  with  the  most 
approved  safety  rules  on  these  subjects.  Safety  rules,  issued  by  the 
Institute  of  Makers  of  Explosives  can  be  obtained  from  the  Atlas  Powder 
Coin[>aiiy  upon  application. 

Wherever  there  are  laws  or  ordinances  governing  these  factors, 
copies  of  the  regulations  should  be  procured  and  adhered  to  under  all 


Rail  and  boat  transportation  of  explosives  is  regulated  by  the 
Interstate  Commerce  Commission.  Complete  regulations  have  been 
published  in  book  form,  copies  of  which  may  be  obtained  from  the  Bureau 
for  the  Safe  Transportation  of  Explosives,  30  Vesey  St.,  New  York  City, 
and  the  rulings  must  be  complied  with  by  all  persons  shipimig  explosives. 

Storing  Explosives — There  are  right  and  wrong  ways  of  storing 
explosives.  You  should  ascertain  the  proper  way  to  build  a  storage 
house  (called  a  magazine)  for  dynamite  and  all  forms  of  high  explosives ; 
for  blasting  powder  and  for  black  and  smokeless  sporting  powders;  for 
blasting  caps,  electric  blasting  caps,  and  other  blasting  supplies.  Get 
accurate  information  on  this  important  subject.  Whenever  explosives  or 
blasting  supplies  are  removed  from  magazine,  move  the  oldest  stock  first. 

THE    ATLAS    POWDER    COMPANY    WILL 

GLADLY   SEND   TO   ANYONE    ASKING 

FOR  THEM  ANY  OF  THE  FOLLOW- 

ING  NAMED   BOOKLETS— 

W^ITHOUT  CHARGE 

1.  Standard  Storage  Magazines — containing  full  information,  how 
to  build  a  storage  house  for  explosives ; 

2.  How  to  thaw  explosives  safely; 

3.  Institute  of  Makers  of  Explosives  Safety  First  Rules  for  Shippii^, 
Storing  and  Handling  Explosives. 

4.  American  Table  of  Distances  for  Location  of  Magazines. 
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CHAPTER  IX 

Don'ts 

DON'T  forget   the   nature  of  explosives.    Also,  remember  that  with 

proper  care  they  can  be  tiandled  with  comparative  safety. 
DON'T  smoke  while  you  are  handling  explosives,  and  don't  handle 

explosives  near  an  open  light. 
DON'T  shoot  into  explosives  with  a  rifle  or  pistol  cither  in  or  out  of 

magazine. 
DON'T  leave  explosives  in  a  field  or  any  place  where  stock  can  get  at 

them.    Cattle  like  the  taste  of  soda  and  saltpetre  in  explo- 
sives, but  the  other  ingredients  probably  would  make  them 

sick  or  kill  them. 
DON'T  handle  or  store  explosives  in  or  near  a  residence. 
DON'T  leave  explosives  in  a  wet  or  damp  place.    They  should  be  kept 

in  a  suitable  dry  place,  under  lock  and  key,  where  children 

or  irresponsible  persons  cannot  get  at  them. 
DON'T  explode  a  charge  to  chamber  a  bore  hole  and  then  immediately** 

reload  that  hole  as  it  will  be  hot  and  the  second  charge  may 

explode  prematurely. 
DON'T  do  tamping  with  iron  or  steel  bars  or  tools.    Use  only  a  wooden 

tamping  stick  with  no  metal  parts. 
DON'T  use  a  miners  needle  of  iron  or  steel  when  firing  by  means  of 

squibs;  use  one  of  copper  or  brass. 
DON'T  force  a  primer  into  a  bore  hole. 
DON'T  explode  a  charge  before  every  one  is  well  beyond  the  danger 

zone  and  protected  from  flying  debris.    Protect  your  supply 

of  explosives  also  from  danger  from  this  source. 
DON'T  hurry  in  seeking  an  explanation  for  the  failure  of  a  charge  to 

explode. 
DON'T  drill,  bore  or  pick  out  a  charge  which  has  failed  to  explode. 

Drill  and  charge  another  bore  hole  at  least  two  feet  from  the 

one  that  failed  to  fire. 
DON'T  use  frozen  or  chilled  high  explosives.    Those  other  than  the  low 

freezing  or  non-freezing  grades  often  chill  at  a  temperature 

between  45°  F.  and  50°  F. 
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DON'T  use  any  arrangement  for  thawing  Atlas  Exploaves  other  than  one 
of  those  recommended  by  Atlas  Powder  Company. 

DON'T  thaw  high  explosives  on  heated  stoves,  rocks,  bricks  or  metal, 
or  in  an  oven,  and  don't  thaw  high  explosives  in  front  of,  near 
or  over  a  steam  boiler  or  fire  of  any  kind. 

DON'T  take  high  explosives  into  or  neara  blacksmith  shop,  or  near  a 
forge  on  open  work. 

DON'T  put  high  explosives  on  shelves  or  anything  else  directly  over 
steam  or  hot  water  pipes  or  other  heated  metal  surfaces. 

DON'T  cut  or  break  a  high  explosive  cartridge  while  it  is  frozen  and 
-  don't  rub  a  cartridge  of  high  explosives  in  the  hands  to  com- 
plete thawing. 

DON'T  heat  a  thawing  house  with  pipes  containing  steam  under 
pressure. 

DON'T  place  a  hot  water  thawer  over  a  Are,  and  never  put  high  explo- 
sives in  hot  water  or  allow  them  to  come  in  contact  with 
steam. 

DON'T  allow  thawed  high  explosives  to  remain  exposed  to  low  tempera- 
tures, but  use  as  soon  as  possible. 

DON'T  allow  priming  (the  placing  of  a  blasting  cap  or  electric  blasting 
cap  in  high  explosives)  to  be  done  in  a  thawing  house  or 
magazine. 

DON'T  prime  or  connect  charges  for  electric  firing  during  the  approach 
or  progress  of  a  thunder  storm.  If  charges  are  already  primed, 
keep  everybody  away  xmtil  the  storm  is  over, 

DON'T  drop  or  throw  about  kegs  of  blasting  powder. 

DON'T  open  kegs  by  cutting  with  a  cold  chisel  or  by  driving  a  pick 
through  them.    Always  open  the  bung  or  slide. 

DON'T  try  to  use  wet  blasting  powder.  If  it  is  only  damp,  it  may  be 
dried  by  spreading  it  out  in  the  hot  sun  on  a  dry  day. 

DON'T  permit  kegs  containing  blasting  powder  to  remain  open  after 
having  taken  out  the  quantity  needed  for  use. 

DON'T  carry  blasting  caps  or  electric  blasting  caps  in  your  pocket. 

DON'T  tap  or  otherwise  investigate  a  blasting  cap  or  electric  blasting 
cap. 

DON'T  try  to  withdraw  the  wires  from  an  electric  blasting  cap. 


DON'T  attempt  to  take  blasting  caps  from  the  box  by  inserting  a 

wire  nail  or  other  sharp  instrument. 
DON'T  fasten  a  blasting  cap  to  the  fuse  with  the  teeth  or  by  flattening 

it  with  a  knife — use  a  cap  crimper. 
DON'T  keep  blasting   caps,    blasting    machines    or    electric    blasting 

caps  in  a  damp  place. 
DON'T  store  or  transport  blasting  caps  or  electric  blasting  caps  with 

other  explosives. 
DON'T  use  the  regular  electric  blasting  caps  in  very  wet  work.    For 

this  purpose  secure  waterproof  electric  blasting  caps. 
DON'T  operate  blasting  machines  half-heartedly.     They  are  built  to 

be  operated  with  full  force.    They  must  be  kept  clean  and  dry. 
DON'T  handle  fuse  carelessly  in  cold  weather,  for  when  cold  it  is  stiff 

and   breaks  easily  and   should   be  warmed   slightly  before 

uncoiling. 
DON'T  store  fuse  in  a  hot  place,  as  this  may  dry  it  out  so  that  \jncoiling 

will  break  it. 
DON'T  lace  fuse  through  cartridges  of  high  explosives.    This  practice 

frequently  is  responsible  for  the  burning  of  the  charge. 
DON'T  fail,  when  about  to  load  a  hole  with  blastii^  powder,  to  sec  if 

there  is  nearby  a  steam  shovel,  locomotive,  or  any  other 

point  from  which  a  spark  or  cinder  might  be  blown  into  the 

hole.     If  there  is,  either  stop  the  loading  and  protect  the 

powder  until  this  danger  is  passed,  or  else  screen  the  liole 

from  the  danger. 
DON'T  expect  high  explosives  to  do  good  work  if  you  try  to  explode 

them  with  a  detonator  weaker  than  a  No.  6. 
DON'T  use  grease  or  thin  oil  for  waterproofing  fuse. 
DON'T  use  a  naked  light  near  an  open  keg  of  powder,  because  when 

filling  the  bags  or  shells,  the  dust  from  the  powder  may 

communicate  with  any  naked  light  and  carry  the  flame  into 

the  main  body  of  the  powder;  or  a  spark  from  the  light  may 

blow  into  the  powder. 
DONT  worry  along  vnth  old,  broken  leading  wire  or  connecting  wire. 

Misfires  are  costly. 
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